












AN OVERVIEW OF DEVELOPMENTAL EVENTS, PROCESSES, 

AND ABNORMALITIES: TIMELINE 

Prenatal Time Scale (Months) 

First 2 week s 

Main Embryonic Period 



This is a period of cell proliferation 
from the zygote to the morula, 
blastocyst, and formation of the 
biiaminar embryonic disc. Birth defects 
do not originate in this period because 
body systems and structures have not 
yet developed Teratogens usually 
cause the loss of the entire concept us. 


Fetal Period 





Months 3 to 9 (full term) are mainly 
characterized by the growth of all the 
major structures that have already 
appeared. Birth defect in this period 
are usually not as severe or obvious 
and include small size, mental 
retardation, and defects in the eyes, 
ears, teeth, and external genitalia. 


Weeks 3 to 8 is the dynamic period of 
gastrulation, folding of the embryo, and 
the formation of all the organ systems. 
Because this is the most active period 
of development and differentiation, the 
embryo in weeks 3 to 8 is most 
vulnerable to major birth defects. 
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The First Week 


Early morula Four-cell stage 

(approx, 80 hr) (approx. 40 hr) 


Myometrium 


Endometrium 


Advanced 
morula (4 days) 


Blastocyst 
(approx. 5 days) 


Early implantation 
(approx. 6 M2 days) 


Inner cell mass 
(embryoblast) 



Two-cell stage 
(approx, 30 hr) 


Fertilization 
(12 to 24 hr) 


ischarged 
ovum 








The Second Week 
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‘ Uterine epithelium — 
Endometrial stroma« 
S y n cytiotrop hobl a $1 
— Cytotroph oblast — 
—-Amniotic cavity 

--Epiblast-- 

-Hypoblast 

Heuser's membrane 


'—Primitive yolk sac -— 
Extraembryonic mesoderm 


Approximately 12th day 


Approximately 7 1/2 days 


Extraembryonic mesoderm 


Prechordal plate 
* .Yolk sac^^ 

^^Endoderm 

Ectoderm ■- 

f^Amniotic cavity ^ 

Connecting stalky 

Intraembryonic 

mesoderm 

_. Cytotrophoblast 

'— Syncytiotfophoblast 

~~ ■ Extraem bryonic 
coelom -—. — 

Endometrium 
Exoeelomic cyst 


Approximately 17th day 


Approximately 15th day 
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The Embryonic Period 

Dorsal Views 


Neural 

plate 

Neural 
groove 



Somites appear 
day 20) 


Early closure 
of neural tube 
(day 21) J 


IT 1 mm 



Late closure 
of neural tube 
(day 22) 


mm 


Week 3 (late) 


J 2.0 2.T 
Week 4 (early) 



Cranial 

neuropore 


Caudal 

neuropore 
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The Embryonic Period 

Sagittal Views 




Otic pit 


Pharyngeal arches 
appear (day 26) 


Maxillary prominence 
of 1st pharyngeal arch 


1st pharyngeal arch 
2nd pharyngeal arch 
3rd pharyngeal arch 


Mandibular portion of 
1st pharyngeal arch 


2nd pharyngeal arch 
3rd pharyngeal arch 


4th pharyngeal 
arch 


Forebrain 

prominence 


*3.0 mm 


Lens placode 
Heart bulge 


Umbilical cord 


4.0 mm 


Leg bud 


Arm bud 


Week 4 (middle) 


Week 4 (late) 
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The Embryonic Period 




Developing eye 
(optic cup) 


Olfactory pit 

Cardiac 

prominence 

Paddle¬ 
shaped li 


1st pharyngeal groove 


Digital 

rays 

develop 


1Q.5 mm 


External ear 


Elbow 


1 3A mm 


Week 5 (late) 


Week 6 (early) 




Separated 

digits 

Natural 

midgut 

hernia 


Webbed 

digits 


External ear 


External 

ear 


Umbilical 

hernia 


Week 7 


Week 8 
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The Fetal Period 



Eyes closed 

intestines return to abdomen 
(week 10) 

Sex distinguishable 
(week 12) 


Note: CRL=5 crown- 
to-rump length 


Early fetal period 

(week 8-week 16 
CRL 5.0-14 cm) 


Eyes open 
(week 26) 


Fingernails appear 
(week 24) 

Toenails appear 
(week 30) 


Fetus is thin with 
little body fat. Fetus 
viable by week 22 



Hair appears 
(week 20) 


Firm grasp 
(week 36) 


Middle fetal period 

(week 17-week 30 
CRL 15-28 cm) 


Testes in 
scrotum or 
inguinal canal 
(week 38) 


Rapid weight gain and fat 
deposition beginning in week 32 
results in typical "plump" 
appearance of term fetus 



Late fetal period 

(week 31 -week 38 
CRL 28-36 cm) 
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Histological Concepts 

Blastocyst with embryo within the uterine mucosa 


Simple squamous epithelium 



Simple low columnar epithelium 
Loose connective tissue 
S y n c yti otroph oblast 
Stratified cuboidal epithelium 
Amniotic cavity 

Simple tall columnar epithelium 
Simple cuboidal epithelium 
Primitive yolk sac 
Maternal blood vessels 


Approximately 7 1/2 days 











Histological Concepts 

Loose and dense connective tissue 


fibroblast 

Macrophage 

Lymphocyte 
Monocyte 
Mast celt 
Fat cells 
Macrophage 



Eosinophil 

Plasma cell 


Collagen fibers 

Elastic fibers 

Reticular fibers (thin, 
modified collagen fibers) 

Capillary 

Red blood cell 

Endothelial cell 

Pericyte 


Amorphous matrix 


Longitudinal bundles 
of collagen and/or 
elastic fibers 


Tendon sectioned longitudinally 
and transversely 




F 



ibroblast nuclei 


loose connective tissue 














Histological Concepts 


Meissners corpuscle 



Sweat gland 
Hair matrix 


Papilla cf hair follicle 


Pacinian corpuscle 

Artery 

Vein 

Sensory nerves 

Elastic tiders 
Skin ligaments (retinacula cutis) 


Hair cuticle 


Dermal papilla (rt 
papillary layer) 


Reticular layer 


Subcutaneous 
artery and vein 


Cutaneous nerve 


Motor (autonomic) nerve 


Cross section of skin 


Free nerve endings 
Hair shaft 
Melanocyte 

Anector muscle of hair 


sweat gland 

Stratum corneum 
Stratum lucldum 
Stratum granules urn 
Stratum spinosum 
Stratum basale 


Hair 

follicle 


Sebaceous gland 

Cuticle 
Internal sheath 

External sheath 

Glassy 

membrane 

Connective 
tissue laye 


Epdennis 


Dermis 


Subcutaneous 

tissue 


Wall of the yolk sac 



Yolk sac endodemn 
(simple cuboidal epithelium) 

Mesenchyme cells 

















Induction 


Neural crest 


Neural plate 
forming 
neural tube 



Bronchi and lungs at 5 to 6 weeks 



Hyaloid artery 


Inner layer of optic cup 
(visual retina) 


elid primordium 


Mesenchymal 
condensation 
forms outer layers 
of globe (cornea 
and sclera) 


Optic cup 
(pigmented retina 
[epithelium]) 



R. main bronchus 


Secondary bronchi 
to lobes of right lung 
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Trachea 



Secondary bronchi to 
lobes of left lung 

Splanchnic mesenchyme 
ventral to esophagus 
(lung stroma) 

Visceral pleura 


L main bronchus 


The airway is lined by epithelium 
derived from endoderm of the foregut 









Apoptosis 


Upper and lower limb buds at 5 and 6 weeks 



Formation of a joint cavity between Cranial and spinal nerves at 36 days 

two developing hones 
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Precartiiage (condensation 
of mesenchyme) 

Site of future pint 
cavity (mesenchyme 
becomes ratified) 


Cartilage (rudiment of bone) 

Perichondrium 

Joint capsule 

Circular cleft (joint cavity) 
Perichondrium 

Cartilage 
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Segmentation and Early Pattern Formation 


Dursal view of the embryonic disc 
at 13 days 


Segmental distribution of dermatomes 
and myotomes 



Membranous 
(otic) labyrinth 
of inner ear 


Amnion 
(cut edge) 


Occipital 

(postotic) 

myotomes 


Primitive knot 
(Hensen's node) 


Cervical 

myotomes 


Sulcus between 
amnion and 
embryonic disc 


Primitive streak 


Thoracic 

myotomes 


Coccygeal myotomes 


Lumbar myotomes 


Sacral myotomes 


A 
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Region of each trunk myotome also represents 
territory of dermatome into which motor and 
sensory fibers of segmental spinal nerve extend 









Segmentation and Early Pattern Formation 

Segmentation in the head 


Cranial nerve motor nuclei 




Notochord 


Optic cup 
Prosencephalon 


Pharyngeal arches 

Somitomeres 

Somites 


CN III 

CN IV 
CN V 
CN VI 
CN VII 
CN IX 


Otic vesicle 


” Rhombomeres 


/ 

Lateral view 


v 




Incus 
Malleus 

Future spheno-mandibular ligament 

Lesser horn of hyoid cartilage 
Upper half of hyoid body 
Lower half of hyoid body 


Cartilage derivatives of the pharyngeal arches 

Stapes 

loid process 

id ligament 

Greater horn of 
hyoid cartilage 

Thyroid 
cartilage 


Cricoid cartilage 












Cell Adhesion and Cell Migration 

Somite sclerotome cells dispersing to surround the 
neural tube in the formation of the vertebral column 


Sclerotome 

contributions 



Dermomyotome 


Notochord 


to neural arch 


to vertebral 
body (centrum) 


to costal process 


Ectoderm 
Spinal cord 


Posterior 
cardinal vein 

Mesoderm 

Coelom 



The migration of neural crest cells to form autonomic ganglia 



Neural crest 
Neural tube 
Dorsal root ganglion 
Dermatomyotome 

Sympathetic chain ganglion 
(sympathetic for spinal nerves) 

Collateral ganglion (sympathetic 
for visceral arteries) 

Enteric plexus ganglia (parasympathetic 
input for smooth muscle and glands) 


Migration of neural crest cells form peripheral 
ganglia of autonomic nervous system 











Cell Differentiation and Cell Fates 

The first week of development 



Myometrium — 


Endometrium' 

Advanced 
morula (4 days) 

Blastocyst 
(approx. 5 days) 

Early implantation 
(approx. 6 1/2 days) 

Embry obi a st 


Early morula Four-cell stage 

(approx. 80 hr) (approx. 40 hr) 


Two-cell stage 
(approx. 30 hr) 






Fertilization 
(12 to 24 hr) 


Developii 

follicles Mature 

follicle Discharged ' K 
ovum 


Cellular fate map of the embryonic disc showing ectodermal 
contributions to the future nervous system 


Olfactory placode 

Lens placode 
Forebrain 
Midbrain 
Hindbrain 
Spinal cord 
Neural crest 



Hypophysis 
Optic area 


Axial rudiment 
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Growth Factors 


Limb buds in 6-week embryo 


Apical ectodermal 



Growth factors that influence limb morphology: 

Fibroblast growth factor-8 (FGF-8>limb bud initiation 

Retinoic acid-limb bud initiation 

FGF-2, 4, and 8-outgrowth of the limbs 

Bone morphogenetic proteins-apoptosis of cells between digits 

Sonic hedgehog-establishment of craniocaudal limb axes 

Wnt-7a-dorsal patterning of the limbs 

En-1-ventral patterning of the limbs 


Zone of polarizing activity 


Mesenchymal bone precursor 



Extensor muscle 


Flexor muscle 


Growth factors that promote tissue 
development: 

Bone morphogenetic protein family-bone development 
Indian hedgehog-bone development 
Growth/differentiation factor 5-joint formation 
Transforming growth factor-p family-myoblast proliferation 
Nerve growth factor-sensory and sympathetic neurons 
Insulin-like growth factor-1 (IGF-1)-general proliferation of 
limb mesoderm 

Scatter factor (hepatic growth factorj-myotome cell 
migration in the limbs 

Ant. division nerve 
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Preaxial compartment 



Postaxial compartment 


Post, division nerve 


Ventral compartment 

Flexor muscles 
Anterior division nerves 


Dorsal compartment JOhNA.CRAC_*o 
Extensor muscles ©1®\I I 

Posterior division nerves 










Classification of Abnormal Processes 

The Classification of Errors of Morphogenesis 



Abnormal 
formation of tissue 



Malformation or 


- 

malformation 



sequence 

f 

Abnormal forces 
on normal tissue 

- 

► 

Deformation 
or deformation 
sequence 


Destruction 


Disruption or 

of normal tissue 

- 

disruption 



sequence 


Malformation 

Etiology 

Chromosomal 

Genetic 

Teratogenic 

Unknown 


Developed 
structure 

Morphogenic 
error 

Primary structural 
defect 




Failure of neural 
tube closure 


Mye lo me n i ngoce le 
(malformation) 


Malformation. Primary structural defect resulting from error in tissue formation 


Deformation 

Etiology 

Extrinsic 

(fetal 

constraint) 

Intrinsic 

(fetal 

akinesia) 


Abnormal 

force 


Normally 

developed 

structure 

Altered structure 
or position 



I * 

Intrauterine force 


Clubfoot 

(deformation) 


Deformation. Alteration in shape or position of normally developed structure 


Disruption 


Etiology 

Vascular 

Compressive 

Tearing 


*■ 


Vascular 

occlusion 

Abnormal 

force 


Normally 

developed 

structure 

-1 

Tissue 

destruction 



Destructive forces 


Disruption. Destruction of previously normally developed structure 
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Limb reduction 
deficit (disruption) 

































Classification of Multiple Anomalies 

Patterns of Multiple Anomalies: Syndrome Versus Sequence 


Syndroms 




ASD or VSD 
com 


Ulnar 

head 


Autosomal recessive 
inheritance pattern 


Bruises easily 


Humerus 


Multiple, nonsequential pathogenetically 
related anomalies 


Absent or defective 
megakaryocytes 


Absent radius 
(primary anomaly) 


Thrombocytopenia 
(primary anomaly) 


Primary anomaly 
Primary anomaly 
Primary anomaly 


TAR syndrome 

■flSTTii 


Etiology 

Chromosomal 

Genetic 

Teratogenic 

Unknown 


TAR syndrome. Includes two anomalies: thrombocytopenia (T) and absent radius (AR). 
May be associated with congenital heart anomalies; autosomal recessive transmission 


Sequence ^nomalad) 


Robin sequence 




Hypoplastic mandible 
(primary anomaly) 


Tongue obstructs 
palatal fusion 
(secondary anomaly) 


Typical Robin facies 
with micrognathia 


A -i 


Intrinsic cause 


Primary anomaly , 


Malformation 


Deformation 


Disruption 



Secondary anomaly 
Secondary anomaly 

E>drinsic cause Disruption ^ Secondary anomaly 

Multiple anomalies resulting from single primary anomaly or mechanical factor 


Glosso ptosis 
(secondary anomaly) 


Airway 

obstruction 


U-shaped palate 
(secondary anomaly) 


JQHNA.C 


Sequence of anomalies initiated by hypoplastic mandible that causes glossoptosis. 
Resulting palatal defect with glossoptosis may obstruct airway 












Normal Versus Major Versus Minor Malformations 

The Classification of Malformations 




Normal variants 


Flat na^al 
bridge 


Hydrocele 


Syndactyly of 
2nd and 3rd toes 




Minor malformations 


Fold 


Major malformations 



Cardiac septal defects. 
Risk of recurrence 
2%-5% 


Ventricular septal 
defect (VSD) 


Atrial septal 
defect (ASD) 


Isolated cleft lip. Risk 
of recurrence 4%, 
but clefts with lip 
pits indicate auto¬ 
somal dominant 
syndrome 


Pyloric stenosis. Risk of 
recurrence 2%-5% 


Isolated aplasia cutis 


congenita is autosomal 
dominant 


Myelomeningocele 


JOHN A. 
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Major and minor malformations may occur as isolated entities or as components of multiple 
malformation syndrome. Risk of recurrence depends on the cause of the defect 



Marfan Syndrome 



(affected) 


Cataract glasses for 
subluxated lenses 


(affected) 


Autosomal dominant 
inheritance pattern 


Pectus excavatum 


Arachnodactyly of hands 


Arachnodactyly of feet 


Steinberg sign. Tip of thumb protrudes when 
thumb folded inside fist. Thumb and index 
finger overlap when encircling opposite wrist 


JOHN AC 
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Apert Syndrome 



Typical facies with acrocephaly, 
hypertelorism, and downward 
slant of the eyes 



Dorsal "mitten" 
deformity 


Palmar "spoon” 
deformity 




Acrocephaly with 
flattened midface 



High-arched palate Autosomal dominant 

and dental anomalies inheritance pattern 
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De Lange Syndrome 




Infant facies with thick, conjoined 
eyebrows (synophrys) and thin fips 


Phocomeiia 


Flexion 

contracture 


Adult facies with synophrys 
and long eyelashes 


Low hairline and 
general hirsutism 


Micromelia 


WOHN A. C ft AC 
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Examples of Deformations 




Bicornuate uterus 


Uterine malformation 


Congenital hip dislocation 
Uterine fibroid 


Ear distortion 
Multiple fetuses 

Breech position 


Limb position anomalies 


Uterine pathology 







Conditions that cause intrauterine crowding can lead to 
abnormal total positions and thus cause constraint deformities 


Sagittal ridge 


Primigravida (smal 
uterine cavity) 


Multignavida (large 

ute ri ne cavity) Sea p hoce p ha ly d ue to 

sagittal cranio synostosis 


Limitation of growth 
of sagittal suture 


At birth 


JOHNA.C 
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Small infant 


Larger infant 


At 6 months 


Limitation of growth of 
coronal sutures 


Brachycephaly due to 
coronal cranio synostosis 


Constraint-related growth deficiency is transient. Early engagement of fetal head may limit sutural 
Given room, small infants catch up rapidly growth and result in craniosy no static skull deformities 







Example of a Deformation Sequence 

Potter Sequence 





Typical Potter 
facies 


Pulmonary 

hypoplasia 


Micrognathia and large ears typical 


Renal 
agenesis 

Short 

umbilical 

cord 


mnion nodosum 


Limb position defect 
(varus deformity) 


Events in Potter sequence 


JQHNA.C 

©l@\| 






£ 


Primary anomaly 


Amniotic 
fluid loss 


Amniotic rupture 
(disruption) 


Decreased 

amniotic 

fluid 

production 


Renal agenesis 
(malformation) 


Oligohydramnios 
and fetal constraint 
(mechanical factor) 


Secondary anomalies 
Potter facies 

Fetal growth deficiency 


Pulmonary hypoplasia 
Breech position 

I 
I 

T 

Limb position defects 
Secondary deformations 







Drug-Induced Embryopathies 

Thalidomide 



(od[N-phthal[midalglutarimEde) 27-to 33-day embryo 



Limb defects. From hypoplasia to complete 
absence of radius, ulna, and humerus; 
fibula and tibia less commonly involved 



Midline 

hemangioma 


Phocomelia 


Clinical features of 
thalidomide embryopathy 


JOHNACRAC 
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Drug-Induced Embryopathies 

Retinoic acid 




Facial features. Ocular hypertelorism 
with down-slanting palpebral fissures, 
micrognathia, and U-shaped palate 



Anterolateral 
displacement of 
hair whorl 


Microtia or anotia, with 
or without stenosis of 
external canal 




COOH 


(13-d$- retinoic acid) 



Hydrocephalus may occur 
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EARLY EMBRYONIC DEVELOPMENT AND THE PLACENTA 

TIMELINE 


Prenatal Time Scale (Months) 


1 week 



Ovulation, fertilization, and 
formation of the morula and 
blastocyst Implantation begins. 


Blastocyst 


2 weeks 


Implantation completed. The 
amnion, chorion, and yolk sac form. 
The placenta begins to develop. 

3 weeks 




Folding of the embryo occurs, 
and the vertebrate body plan 
is established. 


Fetus 













Adult Uterus, Ovaries, and Uterine Tubes 

Posterior view 



Suspensory ligament of ovary 
(contains ovarian vessels) 


Uterine (fallopian) tube- 

Ampulla Infundibulum 


Mesometrium 
(of broad 
ligament) 


Vesicular 
appendix (hydatid 
of Morgagni) 


Corpus luteum 
Ovary 


Mesometrium (of 
broad ligament) 


Body of uterus 

Ureter 

Uterosacral ligament 


Abdominal ostium 


Epoophoron 


r 


isthmus 


(Proper) ligament of ovary 
k Fundus of uterus 


Fimbriae 


Suspensory ligament of ovary 


Ovary 

Mesosalpinx (of broad ligament) 
(Proper) ligament of ovary 


Rectouterine pouch (of Douglas) 










Adult Uterus, Ovaries, and Uterine Tubes 

Frontal section 


Uterine (fallopian) tube 



Isthmus 


Uterine 

part 


(Proper)^®! 
ligament of 
ovary 

Endometrium 


Myometrium \ 

Mesometrium (of broad 
ligament) 


Uterine ostium 


Fundus of uterus 


Body of uterus 


Isthmus of uterus 


Internal os 


Cervix of uterus 


External os 


\&gina 


Ampulla 


Uterine vesse s 


> Infundibulum 

Folds of 
uterine tube 

Fimbriae _J 


Suspensory ligament of ovary 
(contains ovarian vessels) 


Vesicular appendix 
(hydatid of Morgagni) 


Epoophoron 

Follicle (graaf an) 
Corpus albicans 
Corpus luteum 


of ovary 


Cardinal (transverse cervical or 
Mackenrodt's) ligament 

Vaginal fornix 


Cervical canal with palmate folds 















Ovary, Ova, and Follicle Development 


Infant ovary 


Developing follicle 




Superficial (germinal) 
epithelium (cuboidal cells) 


Epithelial 
cord 
growing in 


Primary 

ova 


Primordial 

follicles 


Ovum 


Zona pellucida 

Tunica 

albuginea 

Corona radiata 


Cumulus 

oophorus 


-Cortex 


Fluid-filled 
follicular cavity 

Granulosa 
Theca interna 

Theca externa 









Ovary, Ova, and Follicle Development 

Stages of ovum and follicle 




Epithelial cord 
growing in 


Primary follicle 


Primordial follicle 


Superficial (germinal) 
epithelium (cuboidal cells) 

Blood vessels 
entering ovary 

Visceral 
peritoneum of 
mesovarium 

Corpus albicans 


Mature corpus luteum 


Luteal cells 

Blood clot 

Early corpus luteum 


Secondary (antral) follicles 


Mature 

(graafian) follicle 


Ruptured follicle 
(corpus hemorrhagicum) 


Discharged 

ovum 










The Menstrual Cylce and Pregnancy 

Regulation of follicle and endometrial development and pregnancy 



Guriiutoiropic hnrnumi's 

tSH, L H, and PR 


Rifluird 

fiilEhk- 


IllW^ 


CO^ 


Es.lrt^t ‘11 


Fsl ro^i'n plus 
pfOgCtt rrwiK- 


Vaginal Va^in.i! 

&meaf mucosa EndomelriLiini Ovary 


Brea si 


Hvpolhalamus 


Vagi n-ii 

Ovary Endometrium mucosa smear 


i’cfri.il vvnliMBi GrtJtL 


A nkr i Dr pjEuilary 


Pituitary hornmnw 

Fitllide^iliimilaling 
hormone (f S H H 


AiMl cycl 


¥ 


Ovarian and chorionic hormones 


Efclm^'n 


Luteinizing himnont (LH> 


ProgttlCrone 


V ro1.it Lin tPR) 


Chorionic gonadolmiu n 


P[HHEmon^paU!iE 

















The First Week 


Early morula Four-cell stage 

{approx. 80 hr) (approx. 40 hr) 



Developing 

follicles 


Mature 

follicle 


Discharged 


C\ f ^ Hn\ 











Ectopic Pregnancy 


Sites of ectopic implantation 




: x 


IE?\ 


Chorion 


Interstitial 


Tubal (isthmic) 


Tubal (ampullar) 

Infundibular (ostial) 

Ovarian 


Cervical 


Unruptured tubal 
pregnancy 


Hemorrhage 
in tubal wall 


Lumen of tube 


Section through 
tubal pregnancy 




Tubal Prenancy 



I ntra peritonea I rupture 
of uterine tube 


Ovary 


Spontaneous tubal abortion 


Uterus 


Rupture into broad ligament 


Dead, calcified 
embryo in uterine tube 


Lithopedion formation 


S 




Ovarian ligament 




Interstitial, Abdominal, and Ovarian Pregnancy 



\/agina 


Uterus 


Uterus 


Placenta on the body wall, 
liver, stomach and intestines 


Abdominal 

pregnancy 


Ovarian 

pregnancy 


interstitial 

pregnancy 


Urinary bladder 


Rectum 





The Second Week 





- Uterine epithelium 
Endometrial stroma 
S y n cytiotrophobl a st 
Cytotrophoblast 
nrotic cavity 
i_pi blast 


Hypoblast 

Heuser's membrane 
Primitive yolk sac 
Extra embryonic mesoderm 



Approximately 7 1/2 days 

8 -- 


Approximately 15 th day 


Extraembryonic mesoderm Approximately 12th day 

Prechordal plate 
Volk sac 

Endoderm 

Ectoderm 

Amniotic cavity 

Connecting stalk 

Intraembryonic 
mesoderm 

Cytotrophoblast 

Syncytiotrophoblast 

Extras mbryonic 
coelom —_, 

Endometrium 

Exocelomic cyst Approximately 17th day 


A 


ir*\ 



















The Third Week 

Formation of lntraembryonic Mesoderm from the Primitive Streak and Node (Knot) 



Ectoderm 


Oropharyngeal membrane 


Amniotic cavity 


Notochord 


Primitive 
knot (node) 


Primitive \ 
streak \ 

Extraembryonic Y j 
mesoderm /Yl 


Endoderm 


Migration of cells 
from the primitive 
streak to form the 
intraembryonic 
mesoderm 


Cupola of yolk sack 


Oropharyngeal 

membrane 


Spreading of 

intraembryonic 

mesoderm 


Notochord 
Paraxial column 


Cloacal membrane 


Intermediate column 


Appearance of 
the neural plate 


* _ 
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Lateral plate 







Events Related to Gastrulation 


Implantation site on the 
posterior wall of the uterus 


Detail of the implantation 
site within the endometrium 


Midsagittal section of 
embryo, amnion, and yolk sac 




Endometrial 

stroma 


Extraembryonic 
mesoderm of 
amnion 


Extraembryonic 
mesoderm of 
yolk sac 


Dilated 

uterine 

glands 


Uterine epithelium 


Cardiogenic mesoderm 


Uterine tube 
with fimbriae 


Ovary 

Endometrium 

Myometrium 


Vagina 


Amnion sac 


Connecting 
yolk stalk 


Allantois 
Cloaca membrane 


Elaboration of the chorion 
in the endometrium 


Oropharyngeal 

membrane 


Cross section of embryo 




Early placenta development (enlarged 
detail of the upper central figure) 


Syncytiotro phobia st 


Notochord 


Extraembryonic 

mesoderm 

Paraxial column 
(segmenting into somites) 


Neural plate 


Umbilical artery Intermediate 

mesoderm 

Umbilical vein 

Lateral plate 
mesoderm 


Cytotrop ho blast 


Pools of 
maternal blood 
surrounding villi 


C/ 

'_VP. 

«IBN 


Developing 
cytotrop hob la stic 
shell at the interface 
of the villous chorion 
and endometrium 


The intnaembryonic 
coelom in the latera 
plate is continuous 
with the coelom in 1 
cardiogenic mesoderm 


The arrow passes 
through a tempora 
communication 
between the 
extraembryonic 
coelom and 
intraembryonic 
coelom 





Folding of the Embryo in Week 4 


Mid sagittal section of folding gastrula 


Cross section of folding gastrula 



Amnion 

Connecting stalk 
Allantois 

Cloacal membrane 


Notochord in 
gastrula 

Oropharyngeal 

membrane 


Cardiogenic 

mesoderm 


Yolk sac 




Amnion 


Extraembryonic 

mesoderm 


Yolk sac 


Neural plate 


Intraembryonic 

mesoderm 


Notochord 


i 



Stomodeum 


Foregut 


Midgut 


Developing heart tube 
and pericardial cavity 


Hindgut 


Somite [from 
paraxial column 


Intermediate 

mesoderm 



Neural tube 


Lateral plate 
becoming hollow 




Amnion pressed 
against the chorion 


Embryonic 
gut tube 


Amnion 

surrounding the Yolk sac stalk 

umbilical cord compressed into 

umbilical cord 


Hepatic 
diverticulum 


Septum 

transversum 


Neural tube above notochord 


Yolk sac stalkand 
allantois within the 
mbilical cord 


Dermomyotome of somite 


Intraembryonic 
coelom surrounded 
by lateral plate 
mesoderm 


Intermediate 

mesoderm 


Amniotic cavity 


Sclerotome 
of somite 


* _ 
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The Vertebrate Body Plan 

Vertebrate Body Plan after 4 Weeks 




Embryonic endoderm 
forming gastrointestinal 
(gut) tube 


Somatic mesoderm 
ot lateral plate 


Amnion tucking 
around the sides of 
the bldtng embryo 


Splanchnic mesoderm 
of lateral plate 


Connecting stalk 
Vmnion (cut) 

Neural 

plate 


Yolk sac 


Neural crest 


Neural plate 
forming neural tube 


Paraxial column 


Somite 


Communication 
between 
extraembryonic and 
m traembryontc coeloms 


Intraembryonic 

coelom 


Lateral plate 


Notochord 


Notochord 


Intermediate 

mesoderm 


Intermediate 

mesoderm 


Intermediate mesoderm dorsal 
to Ihe intraembryonic coelom 




Left and right 
dorsal aorta 


Lateral plate 
■$ a thin 
mesodermal 
r mating of 

li ip Luc-lom 


Formation 
of ventral 
mesentery 


Amnion fusing 
with chorion 


Connecting stalk 



Intermediate mesoderm 
Nephrogenic ridge 
Nephrogenic cord 
Genital ridge 

Splanthnopfeure 
(endoderm plus 
lateral plate 
mesoderm) 

Somatopleure 
(ectoderm plus 
lateral plate 
mesoderm) 


Gut tube 


Yolk sac (stalk just oul 
of the plane of section) 


Somite sclerotome 
surrounds the neural 
tube and notochord to 
form vertebral column 


Spinal nerve 


Dermo myotome 


Aorta 

Dorsal mesentery 


Ventral mesentery 


Amnion against 
chorion 




* ieiM 


Umbilical cord 





Formation of the Placenta 




-Uterine epithelium 
Endometrial stroma 


S y n cy ti otr oph obi ast 

Cytotrophoblast 
Amniotic cavity 
Ectoderm 
Entoderm 

Heuser's membrane 
Primitive yolk sac 
Extra embryonic mesoderm 
Splanchnopleuric 
Somatopleuric — 



Approximately 7 1/2 days 


Approximately 12th day 




Extraembryonic 

mesoderm 

Yolk sac 

Entoderm 


Extraembryonic mesoderm 


Umbilical arte 


\ 


Ectoderm 


Amniotic cavity 
Connecting stalk 
Cytotrophoblast 
S y n c y ti otroph obi ast 

Extraembryonic 

coelom 

Endometrium 

Exocelomic cyst 


Pools of 
maternal 
blood 

surrounding 

villi 


Umbilical vein 


Developing 
cytotrophoblastic 
shell at the interface 
of the villous chorion 


Approximately 15th day 


Approximately 25th day and the 
establishment of placental circulation 





















The Endometrium and Fetal Membranes 

Early fetal development and membrane formation in 
relation to the uterus as a whole (schematic) 



Decidua parietalis 
Uterine cavity 

Decidua capsularis 
Smooth chorion 


Amn ioch orion ic membrane 


Chorionic villi (villous chorion) 


Amnion 

Fetus 


Connecting stalk (umbilical cord) 
Decidua basalis 


Full-term fetus within the uterus 
(with low position of placenta) 








Placental Structure 

Development of the placenta: chorionic villi 



Umbilical arteries 


Amnion 


Chorion 


Cotyledons 


Connective 
tissue 


Decidua basalis 


Maternal vessels 


Umbilical vein 


Syncytiotrophoblast 


Cytotroph oblast 


Free villi 


Anchoring villus 


Cytotroph obi a Stic 
shell 

C/f<& 





















Placental Structure 



Cotyledons 


Connective tissue septa 


Full'term placenta 


Section through deep portion of placenta- 
early gestation 

(A) Villus, (B) tnophoblast, (G) intervillous 
space, (D) anchoring villus, (E) villus invading 
blood vessel, (F) fibrinoid degeneration, 

(G) decidua bascths, (H) gland 


Appearance of placentai villi at term 
(A) Syncytial cell mass becoming trophoblastic 
embolus, (B) fetal blood vessel endothelium 
against a thinned syncytiotrop ho blast, where 
they share a basal lamina The cytotrop ho blast 
has disappeared 


Placental Variations 



Succenturiate 

placenta 


Circumvallate placenta 


Battledore placenta 


: \a 




Velamentous insertion of cord 




Placenta Previa 



Total (central) placenta previa 


Partial placenta previa 


Marginal placenta previa 








Summary of Ectodermal Derivatives 



Amnion 


Neural tube 


Surface ectoderm 



Ectoderm of the gastrula 


Neural plate 





Hair 


} Central and 
peripheral 
nervous 
system 


Nails 


Epidermis 
of skin 


JQHNAXRAI^ 
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Summary of Endodermal Derivatives 



Gut tube of 
cylindrical embryo 


Yolk sac 

Endoderm 
of gastrula 
and yolk sac 





Cloaca (future urinary 
bladder and rectum) 


Thyroid 

diverticulum 


Pharynx with 
pharyngeal pouches 


Gallbladder 

Liver 

Intestines 


Esophagus 
Trachea 
Lung buds 


Yolk sac stalk 


Stomach 


Pancreas 


©||oM 



Summary of Mesodermal Derivatives 




Axial and appendicular 
skeleton, 5 weeks 


Developing skeletal 
muscles, 8 weeks 


Somatopleure 

mesoderm 


Somite dermomyotome 


Intermediate 
mesoderm 
forming kidneys 
and gonads 

Splanchnopleure 

mesoderm 


Mesenchyme 

Notochord 


Lateral plate 
Intermediate column 

Paraxial column 


Somite sclerotome 
surrounding neural tube 


n 







Chart 2.1 Ectodermal Derivatives 


Primordta 

Derivatives or Fate 

Surface ectoderm 

(Stem odeum ami 
nasal |i la codes} 

(Otic placodes) 

(Lens placodes) 

Epidermis of llie sfcrn 

Sweat, sebaceous, 
and mammary 
glands 

Nails and hair 

Tooth enamel 

Lacrimal glands 

Conjunctiva 

External auditory meatus 

Oral ami nasal epithelium 
Anterior pituitary 1 

Inner ear 

Lens of eye 


Neural lube 

Central nervous system 
Somatomotor neurons 

B ranch iu mu tor neurons 

Prosynaptic autonomic 
neurons 

Retina/optic nerves 

Posterior pituitary 


Neural crest 

Peripheral sensory 
neurons 

Post synaptic autonomic 
neurons 

All ganglia 

Adrenal medulla cells 

Melanocytes 

Bone, muscle, and 
connective tissue in 
tire head and neck 

Amnion 

Protective bag 
(with chorion) 
around fetus 






Chart 2.2 Endodermal Derivatives 

CHART 2.2 ENDODERMAL DERIVATIVES 


Primordia 

Epithelial Derivatives or Fate 

Guf tube endoderm 

Gl tract (enterocytes) 

Mucosal glands of Gl tract 

Parenchyma of Gl organs (liver, 
pancreas) 

Airway lining (larynx, trachea, 
bronchial tree) 

Thyroid gland 

Tonsils 

Cloaca 

(part of hindgut) 

Rectum and anal canal 

Bladder, urethra, and related glands 
Vestibule 

Lower vagina 

Pharyngeal pouches 
(part of foregot) 

Auditory tube and middle ear 
epithelium 

Palatine tonsil crypts 

Thymus gland 

Parathyroid glands 

C cells of the thyroid gland 

Yolk sac 

Embryonic blood cell production 
(mesoderm) 

Pressed inlo umbilical cord, then 
disappears 

Allantois (from yolk 
sac, then doaca) 

Embryonic blood cell production 
(mesoderm) 

Vestigial, fibrous urachus 

Umbilical cord part disappears 


G/, Gastrointestinal. 


gIIdM 




Chart 2.3 Mesodermal Derivatives 


CHART 2.3 MESODERMAL, DERIVATIVES 


Primordia 

Derivatives or Fate 

Notochord 

Nucleus pu Iposus of an interverte¬ 
bral disc 

Induces neurulation 

Paraxial columns 
{so m ties) 

Skeletal muscle 

Bone 

Connective tissue (e.g., dorsal 
dermis, meninges) 

Intermediate 

mesoderm 

Gonads 

Kidneys and ureters 

Uterus and uterine tubes 

Upper vagina 

Ductus deferens, epididymis, and 
related tubules 

Seminal vesicles and ejaculatory 
ducts 

Lateral plate 
mesoderm 

Dermis (ventral) 

Superficial fascia and related tissues 
(ventral) 

Bones and connective tissues of 
limbs 

Pleura and peritoneum 

Gi tract connective tissue stroma 

Cardiogenic 

mesoderm 

Heart 

Pericardium 


Gi, G astro intestinal. 
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THE NERVOUS SYSTEM 

TIMELINE 


Prenatal Time Scale (Months) 


End of 4th week 


3rd week 



Flexures and swellings distinguish the forebrain 
(prosencephalon), midbrain (mesencephalon), 
and hindbrain (rhombencephalon). 


End of 5th week 




Forebrain divides into the diencephalon and 
telencephalon (future cerebral cortex). 


Secondary gyri are present; brain is 25% of 
its adult size. 



Spinal nerves grow into the body wall; 
autonomic nerves grow into the viscera 
within the body cavities. 

3 Months 



Cerebral cortex (telencephalon) overgrows 
the midbrain. 


6 months 




Primary gyri begin to appear. 




















Formation of the Neural Plate 



Appearance of 
the neural p 


Oropharyngeal 

membrane 



Neural cres 


Neural plate 
forming neural tube 


Somite 


Intermediate 

mesoderm 


Intraembryonic 

coelom 


Notochord 
Paraxial column 
Intermediate column 

Lateral plate 

Forebrain 
Midbrain 
Hindbrain 
Axial rudiment 
Spinal cord 
Neural crest 



Lens placode 

Olfactory placode 
Hypophysis 

Optic area 


Developmental fates of 
local regions of ectoderm 
of embryonic disc at 10 days 





Notochord 





Neu rulation 


Neural plate 
of forebrain 


Neural groove 


2.0 mm 


Neural folds 


1st occipital 
somite 



Primitive streak 


Neural plate 
of forebrain 


Neural groove 


Neural folds 


2.3 mm 


Fused neural 
folds 

1st cervical 
somite' 

Caudal 

neuropore 


Future neural crest 
Neural plate 


\ Level of section 



Future neural crest 


Level of section 

- - - fr 


Neural groove 

Neural fold 



Embryo at 20 days 

(dorsal view) 



Neural crest 


Level of section . 



Embryo at 21 days 
(dorsal view) 























Neural Tube and Neural Crest 


h 


2.6 mm 


Fused 
neural folds 

1st occipital 
somite 


1st cervical 
somite 


1st thoracic 
somite 


Caudal 

neuropore 



Dorsal spinal ganglion 




neuron 


Ectoderm 


Neural crest 


Neural tube 
(spinal cord) 


Notochord 


4th week 


Mesonephros 


Sympathetic 
trunk ganglion 


Aorta 


Freaortic 

sympathetic ganglion 


Visceral motor neuron of 
sympathetic ganglion 


Chromaffin cell, suprarenal 
medulla cell 


Cortical primordium 
of suprarenal gland 

Dorsal mesentery 


Serosal lining (peritoneum) of 
abdominal celom (peritoneal cavity) 




\A 


IG>\ 


6th week 















Neural Tube Defects 


Spinal bifida occulta 


Dermal sinus 







Dural sac 

Cauda 
equina 


Fat pad overlying spina bifida occulta. 
Tuft of hair or only skin dimple may 
be present, or there may be no 
external manifestation. Dermal sinus 
also present in this case (arrow) 


Sinus with 
squamous plug 



Types of spina bifida aperta with protrusion of spinal contents 


Meningocele 


Meningomyelocele 



























Neural Tube Defects 




Occipital 

encephalocele 

/ \ 





Neuron Development 


Two postganglionic autonomic neurons of a sympathetic or parasympathetic ganglion 


Endings of preganglionic autonomic neuron Axons ending on gland or smooth 

synapsing with cell bodies of postganglionic neurons (involuntary) muscle or cardiac muscle cells 



Satellite cells 


Neurilemmal sheath of Schwann surrounding 
unmyelinated axons of two neurons 


Somatic or visceral sensory neuron of a spinal ganglion or sensory ganglion of cranial nerves V, VII, IX, or X 



































Development of the Cellular Sheath of Axons 



Axon 


Unmyelinated axons of 
peripheral neurons 

(sensory somatic motor, 
or visceral motor) being 
surrounded by 
cytoplasm of a 
neurilemmal (Schwann) 
cell 


Axons 


Neurilemmal (Schwann) cell 




Periaxonal space 



Myelinated axon of 
peripheral neuron 

(sensory somatic motor, 
or visceral motor) being 
surrounded by a 
wrapping of cell 
membrane of a 
neurilemmal (Schwann) 
cell 




Axon 


Neurilemmal (Schwann) cell 




Myelinated axon of 
CNS neurons being 
surrounded by a 
wrapping of cell 
membrane of an 
oligodendrocyte. 
Unmyelinated axons of 
CNS neurons 
surrounded by 
cytoplasm of an 
oligodendrocyte in 
manner shown for 
neurilemmal cell in A 



Oligodendrocyte 

















Development of the Spinal Cord Layers 


Embryo at 24 days (dorsal view) 


Fused 
neural folds 


1st occipital 
somite 


2.6 mm 


1st cervical 
somite 

1st thoracic 
somite 


Caudal 
i neuropore 




Ectoderm 

Neural crest 


Neural tube 


Level of^ 

section * 


Neuroepithelial 

cells 


Sulcus limitans 


Development of the neural tube Layers in the spinal cord 



Migrating 



Neuroepithelium I Marginal layer 

Mantle layer 


Central Migrating neuroblasts p ia matte 

canal 


Ependymal Mantle zone Marginal zone 
layer (gray matter) (white matter) 



Neural tube at 5 weeks 


Spinal cord at 3 months 























Development of the Spinal Cord 


5 1/2 weeks (transverse section) 


Mature (transverse section) 


Dorsal alar 
■ate (sensory 
and 

coordinating) 


Ventral 
basal plate 
(motor) 



Central canal 
Ependymal layer 
Mantle layer Sensory 

Marginal layer 
Sulcus limitans 


Motor 


Central canal 



Tracts (white matter) 


Dorsal gray 
column (horn) 


Tracts (white 
matter) 


Lateral gray 
column (horn) 


Ventral gray 
column (horn) 


Differentiation and growth of neurons at 2b days 


Spinal cord 
(thoracic part) 


Neural crest 


[Ependymal laye 
—I Mantle layer- 
[Marginal laye 





Motor neuroblasts growing 
out to terminate on motor 
end plates of striated 
(voluntary) muscle 




















Peripheral Nervous System 

Differentiation and growth of neurons at 28 days 
{right side of diagram shows newly acquired neurons only) 



cord (thoracic part) 


Sensory cells from neural crest 

Commissural neuron 
Association neuron 
Ventral funiculus 


Migrating 
neuroblasts 
from neural 
crest (post¬ 
ganglionic, 
sympathetic, 
motor) 


Growing to dorsal 
surface of body 


Growing to viscera of 
body (splanchnopleure) 


Growing to lateral 
and ventral 
surfaces of body 
(somatopleure) 









Peripheral Nervous System 

Differential ion and growth of neurons at 5 to 7 weeks 
{right side of diagram shows neurons acquired since 28th day only) 



Dorsal (sensory) root 
Dorsal (sensory) ganglion 

Ventral (motor) root 


Dorsal funiculus 

Association neuron 


Preganglionic, sympathetic, 
and motor neurons 


Dorsal ramus 
of spinal nerve 


Ventral ramus of 
spinal nerve 


Lateral 

funiculus 


JT a * 


m —- Sympathetic trunk 


Postganglionic, 
sympathetic, and 
motor neurons 
growing to end in 
thoracic viscera 


Branch to 

thoracic 

viscera 


Splanchnic 

nerve 


Postganglionic, 
sympathetic, and 
motor neurons 
(derived Irom 
neural crest) 
growing to end on 
smooth (invol¬ 
untary) muscle 
and sweat glands 


White ramus 
communicans 


Gray ramus 
communicans 


Sympathetic trunk 
ganglion 


Sympathetic trunk 

Collateral sympathetic trunk ganglion 
(celiac, superior, and inferior mesenteric) 

Sensory neuron of abdominal 
viscera (cell body in dorsal ganglion) 


i\ 

1 P rega ng I io n ic , sym pathetic, a nd 

motor neurons growing to synapse in 
another sympathetic trunk ganglion 


Poslganglionic, sympathetic, and motor 
neurons (derived from neural crest) growing to 
end on glands and smooth (involuntary) muscle 










Peripheral Nervous System 




Neural crest 
Neural tube 

Do rsa I root ga ng I io n 
De rmato myoto me 


Sensory neuroblast 
grows into dorsal 
horn and viscera 


Splanchnic 

Sympathetic chain ganglion nerve 

(sympathetic for spinal nerves) 


Collateral ganglion (sympathetic 
for visceral arteries) 


Enteric plexus ganglia 
(parasympathetic input 
for muscle and glands) 


Migration of neural crest cells 
form peripheral ganglia of 
autonomic nervous system 


Motor neuroblasts form 
primitive axons, which 
migrate into ganglia and 
then innervate viscera 


Autonomic Development 

Autonomic nervous system mostly innervates splanchnopleure (viscera) 



Dorsal root 
Ventral root 
Epaxial muscles 
Dorsal ramus 

Ventral ramus 
Posterior division 
Anterior division ■ 

Hypaxial muscles 
(extensors of limb) 


Hypaxial muscles 
(flexors of limb) 


Hypaxial muscles (flexors of 
arm and shoulder) 



Hypaxial muscles in thoracic 
and abdominal wall 

Lateral cutaneous nerve 


Anterior cutaneous nerve 


Motor neuroblasts form 
primitive axons and enter 
skeletal muscle of body wall 

Posterior cutaneous nerve 


paxial muscles 
Dorsal ramus 
Ventral ramus 


Somatic Development 

Somatic nervous system innervates somatopleure (body wall) 


JOHN AC 








Growth of the Spinal Cord and Vertebral Column 





Vertebral body 


Spinal root of SI originates 
near LI vertebral body 


Nerve root of spinal nerve SI must 
travel from level of LI vertebral body 
to exit at SI vertebral level 


*>NN 


Attachment of filum terminal© 


Relationships in adult 


Relationships in 
fetus at 2—3 months 


Dura mater 

Nerve root of SI exits 
near level of origin 


Spinal cord terminates 
near L3 vertebral body 


Spinal cord and 
dura terminate 
near end of 
vertebral canal 


Spinal cord 
terminates at LI 


Filum terminale 
extends to Cl 

Relationships at birth 


Dural sac terminates 
near SI vertebral body 














Embryonic Dermatomes 




Coccygeal 
dermatomes f 
myotomes 


Sacral dermatomes/myotomes 


Thoracic 

dermatomes 

/myotomes 


Coccygeal n. 
(sensory 
and motor) 


1st sacral n 
(sensory and 

Lumbar dermatomes /myotomes 


(sensory and motor) 

1st thoracic n. 
(sensory and motor) 


Segmental distribution of dermatomes/myotomes 
in embryo of fa weeks 


Occipital 

(postotic) 

myotomes 


Cervical 

dermatomes/ 

myotomes 


One pair of spinal nerves relates to each 
of the dermatomes/myotomes 


Cross section of the dorsal and ventral ramus of a spinal 
nerve innervating dermatome/myotome derivatives 


Posterior cutaneous nerve 

Epaxial muscles 
Dorsal ramus 

Ventral ramus 


1st lumbar n. 
(sensory and motor) 



Motor neurobias ts form 
primitive axons and enter 
skeletal muscle of body wall 


Hypaxial muscles 
in thoracic and 
abdominal wall 


Lateral cutaneous nerve 



Anterior cutaneous nerve 




Adult Dermatomes 


L 


^ t x 
V 1 w 

^ Gp.-' r 

C4 
'' C5 

n 


C2 


Schematic demarcation of 
dermatomes shown as distinct 
segments. There is actually 
considerable overlap 
between any two adjacent 
dermatomes 

-A 0 


C2 
,-C3' 

C5 


■CO 


.A 


C77-^ 


T 1 
12 



1 i lr 

V - - 

. VI 

rv\ 


T3 


_ T3 _ 

. -ce 

cs —' ■ ■ >;: 

T5 Tfi 

:S^S3f 




Levels of principal dermatomes 

C5 Clavicles 

C5, 6, 7 Lateral parts of upper limbs 
cs, Ti Medial sides of upper limbs 
C6 Thumb 
C6, 7, SHand 

cs Ring and little fingers 
T4 Level of nipples 


T10 

T12 


Level of umbilicus 
Inguinal or groin regions 


Li, 2, 3, 4 Anterior and inner surfaces of lower limbs 
L4, 5, SI Foot 

L4 Medial side of greattoe 

si, 2, L5 Posterior and outer surfaces of lower limbs 

si Lateral margin of foot and little toe 

S2, 3, 4 Perineum 










Development of the Brain 

Central nervous system at 28 days 


Forebrain 

(prosencephalon) 


Optic vesicle 


Cephalic flexure 


Cervical flexure 


3.6 mm 



Midbrain (mesencephalon) 


Hindbrain (rhombencephalon) 


Forebrain 

(prosencephalon) 


Hypothalamic sulcus 

p Midbrain (mesencephalon) 
.Sulcus limitans 


Opening of right, 

optic vesicle Basa| p|atB 



Spinal cord 


In these sections: 
Alar plate 
Basal plate 


Sagittal section 


4 


w 
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Forebrain 


Hindbrain 
(rhombencephalon) j f 


Alar (roof) plate 
Sulcus limitans 



Alar (roof) plate 
Optic vesicle 

Midbrain 

Hindbrain 

Basal plate 
Spinal cord 


Frontal section 
(ventral to sulcus Limitans) 





















Development of the Brain 


Cranial n. VII (Facial) 
(sensory and motor) 


Cranial n. VI 
(abducens) (motor) 


Hindbrain 

(rhombencephalon) 


Cranial n. VIII 

(vestibulocochlear) 

(sensory) 


Cranial n. V (trigeminal) 
(sensory and motor) 

Cranial n. IV 
(trochlear) (motor) 

Midbrain 
(mesencephalon) 

Cranial n 
(oculomotor) 
(motor)gg 


Cranial n. IX 
(glossopharyngeal) 
(sensory and motor) 


Cranial n. X 
(vagus) 

(senory and motor) 


Forebrain 

(prosence¬ 

phalon) 


1.0 mm 



Metenoephalon 
(cerebellum, pons) 

Alar plate 

Basal plate 

Sulcus limitans 

Mesencephalon 

Cerebral 
aqueduct 


Sagittal section 

4th ventricle 


Diencephalon 


3rd ventricle 

Opening of 
right tel en¬ 
cephalic 
vesicle 



Thin root of 
myelencephalon 
(medulla oblongata) 


4th ventricle 

Central canal 



Spinal 

cord 


Hypothalamic T 
sulcus 

Infundibulum 

Opening of right optic stalk 

Lamina terminalis 

Frontal section 
(ventral to sulcus limitans) 


Lamina 

terminalis 


Coccygeal n. 
(sensory and motor) 


1st sacral n. 
(sensory and motor) 


1st lumbar n. 
(sense ryj 
and motor) 


1st thoracic n. 
(sensory 
and motor) 


Central Nervous System: 

Cranial and Spinal Nerves at 36 Days 


In sagittal and frontal sections: 

1 Alar (roof) plate 
| Basal plate 

j Derivatives of neural crest 


JQhNACRAKL*u 

s|0IM 



3rd ventricle 
Telencephalic vesicle 
Lateral ventricle 
Alar plate 
3rd ventricle 
Optic stalk 
Optic cup 

Infundibular recess 

Diencephalon 

Mesencephalon 

Cerebral aqueduct 

Basal plate 

Metencephalcn 
(cerebellum, pons) 


4th ventricle 

Myelencephalon 
(medulla oblongata) 

4th ventricle 

Spinal cord 

Central canal 


— Rhombencephalon 



























Development of the Brain 


Central nervous system at 49 days 

Cephalic flexure 
Mesencephalon 
Mamillary body 
Epiphysis (pineal gland) 
Diencephalon 


17.0 mm 


Telencephalic vesicle 
Telencephalon -J (cerebral hemisphere) 

I Olfactory lobe (paleocortex) 


Central nervous system at 3 months 


Cerebral hemisphere (neocortex) 

Outline of diencephalon (overgrown 
by cerebral hemispheres) 




78.0 mm 


Olfactory lobe (paleocortex) 
Optic nerve (cranial nn, II) 
Hypophysis (pituitary gland)' 

Pons (metencephalon) 



Metencephalon 
(cerebellum, pons) 

Roof of 4th ventricle 

Myelencephalon 
(medulla oblongata) 

Cervical flexure 

Pontine flexure 

Spinal cord 

Infundibulum (pituitary stalk) 
Optic cup 



Mesencephalon 


Cerebellum (metencephalon) 

Medulla oblongata 
(myelencephalon) 


Cervical enlargement 
of spinal cord 


■ Lumbosacral enlargement 
of spinal cord 


JOHN AC 
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Growth of the Cerebral Hemispheres 


Brain al 6 months 


8.0 mm 


Frontal lobe of left 


■Central (rolandic) sulcus 



Bratri at 9 months (birth) 

^— 


10,5 mm 


Precentral (motor) gyrus 
Precentral sulcus 
Frontal lobe 

Left cerebral hemisphere 
Lateral (sylvian) sulcus 

Insula (island of Reil) 

Olfactory bulb 

Tom pora I lobe ^ Pons 

JQHNAXRAIC-w Pyramid 

«i@NJ 



Central: (rolandic) sulcus 

Postcentral (sensory) gyrus 

■—Postcentral sulcus 

Parietooccipital sulcus 

Parietal lobe 

Occipital lobe 

Cerebellum 
Medulla oblongata 


Olive 


Spinal cord 
















Derivatives of the Forebrain, Midbrain, and Hindbrain 

Adult derivatives of brain primordia 


JOHN AC 




Adult neural structures 
derived from embryonic 
primordia 



Cerebral hemispheres 
(telencephalon) 

Olfactory bulbs (CN I) 
(telencephalon) 

Thalamus/3rd ventricle 
(diencephalon) 

Optic chiasm (CN II) 
(diencephalon) 

Pineal gland 
(diencephalon) 


Meurohypopliysis- 

(diencephalon) 

Tectum/aqueduct 

(mesencephalon) 

Pons 

(metencephalon) 

4th ventricle 
(metencephalon) 

Cerebellum 

(metencephalon) 

Medulla oblongata 
(my el encephalon) 


CN ill 

CN IV 


CN X 
CN XI 


CN VI 
CN V 
CN VII 

CN VIII 


Sagittal view 


Spinal cord 


Dorsal view 


























Cross Sections of the Midbrain and Hindbrain 


Spinal cord 


Dorsal alar 
plate 
(sensory and 
coordinating) 


Ventral basal 
plate (motor) 


jj 1/2 weeks (transverse section) 

Central canal 

Ependymal 
layer 

■— Mantle 
layer 

Marginal layer 
Sulcus limitans 


Mature (transverse section) 



Sensory - 


Motor- 



Central canal 

Dorsal gray 
column (horn) 

Tracts (white matter) 

Lateral gray 
column (horn) 

Ventral gray 
column (horn) 

Tracts (white matter) 


Medulla oblongata 

5 1/2 weeks (transverse section) 


Dorsal alar 
plate (sensory 
and 

coordinating) 


Ventral basal 
plate (motor) 


Roof plate 



4th ventricle 

Ependymal 
layer 

Marginal 
layer 

Mantle layer 
Sulcus limitans 


Mature (transverse section) 


Location of 
sensory 
coordinating 
nuclei (gray 
matter) 


Location of 
motor control 
nuclei (gray 
matter) 




4th ventricle 


Tracts (white matter) 


Olivary nucleus 


Pyramid 


Mesencephalon 

.5 1 12 weeks (transverse section) Mature (transverse section) 


Dorsal alar 
plate (sensory 
and 

coordinating) 


Ventral basal 
plate (motor) 



Cerebral 

aqueduct 


Ependymal 

layer 

Mantle 

layer 


Sulcus 

limitans 



.Superiorcolliculus 


Cerebral aqueduct 


Tracts (white 
matter) 


Location of 
motor control 
nuclei (gray 
matter) 


Location of 


sensory 
coordinating- 
nuclei (gray 
matter) 


Red nucleus 




























Production of Cerebrospinal Fluid 

Medulla oblongata at 3 1/2 months (transverse section) 



Choroidal artery and vein 
Choroid plexus 


mal roof of 4th ventricle 


Lateral recess of 4th ventricle 


Marginal layer 
Mantle layer 
Marginal layer 


Lateral aperture 


Ependymal floor of 4th ventricle 


Medulla oblongata, mature (transverse section) 



Choroidal vessels 
Ependymal floor of 4th ventricle 


Olive 


Choroid fissure of roof of 4th ventricle 

Lateral recess 


Choroid plexus protruding 
through lateral aperture of 
4th ventricle (foramen of 
Luschka) 


Pyramid 


: V 


°MD\ 















Development of Motor Nuclei in the Brainstem 



JOHNACRMe^u 

'nWa#***' 

"•iibni 


Ncite: 


Ventral horn 
Lateral horn 
Dorsal horn 


CS£* General Somatic efleienl 
GVE™ General viftcerj? I pfferent 
SVE = Special visceral efferenl 


Spinal cord 


CN HI (GVE) 
CM III (GSE) 


Pharyngeal arches 


Parasympathetic 
(GVE) column 


Brachiomotor 
(SVE) column 


Somatomotor 
(GSE) column 


N IV (GSE) 

CN V(SVE) 

CN VII (SVE) 

CN VII (GVE) 

CN VI (GSE) 

CN IX (GVE) 

N IX (SVE) 

N XI! (GSE) 

CN X (SVE) 
CN X (GVE) 


SuiMiiErC 

icm 

PjrJiyii i po 1 hclit 

(GVE* 

BrJfldliOillOtur 

(SVF) 

CN III 

CN III 


CN IV 



CN VI 


CN V 


CN VII 

CN VII 


CNIX 

CN IX 


CN X 

CN X 

CN XII 



CN XI 
















Segmentation of the Hindbrain 


Notochord 


Rhombomeres Cranial nerve Motor nuclei 



Rhombomeres 


Telencephalon 


SomitoJ 

meres 

pharyngeal 

arches 


Otic vesicle 


Pharyngeal 

arches 


Somitomeres 


Somites 


Somites 


Anatomic 
patterns of 

gent? expression 


JOHN AC 
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Lateral view 


Anterior view 




























































Development of the Forebrain 


Differentiation of walls of neural tube 


CerebeKar hemisphere at 3 months 


Neural tube at 5 weeks 



Migrating 

Internal neuroblasts 
limiting 
membrane 


Piai ceil 

External limiting 



Migrating neuroblasts 


Pi a ma ter 


Ependymal 

zone 


Mantle 

zone 


Future 

white 

mailer 


— J '—.—' V "' - '* 1 

Granular l Molecular 

and Golgi | la y er 
cell layer p ur kinje cell 
layer 


Marginal zone 


Neuroepithelial Mantle 

layer layer 



Marginal 

layer 


N. 

Lateral 

ventricle 


Cerebral hemisphere at 3 months 



Migrating neuroblasts 

■jt ^ 


Pia mater 


Ependyma] Mantle 

zone zone 


Future Molecular 

white layer 

matter 


Primordial 

cortex 


Marginal zone 















Development of the Forebrain 


Diencephalon 5 1/2 weeks (transverse section) 





Dorsal part of 
alar plate 
(thalamus) 


Roof plate 

3rd ventricle 
Ependymal layer 
Mantle layer 

Marginal layer 


Forebrain at 7 weeks (transverse section) 


Choroidal vein and artery 


Hypothalamic 

sulcus 


Mamillary recess 

Telencephalon at 7 1/2 weeks (transverse 
section) 


Telencephalic vesicle (cerebral 
hemisphere; 


Roof of 3rd ventricle 

Lateral 
ventricle 


Choroidal vein and artery 

Telencephalic vesicle 
(cerebral hemisphere; 
neocort 


Ependymal 

layer 


Roof of 3rd ventricle 

Hippocampus 
(archicortex) 

Lateral 
ventricle 


Choroid 

plexus 


Ependymal 
laye 

Mantle layer 

Marginal layer 


Mantle 

Marginal layer 

Anterior lobe of 
hypophysis 
(pituitary gland) 


Interventricular 
foramen 

Corpus striatum 
(basal ganglion) 


3rd ventricle 


3rd ventricle 


Infundibulum (pituitary stalk) 


pening 
between lateral 
nd 3rd 
ventricles 
(interventricular 
foramen) 


1 'pUdN 





Develoment of the Forebrain 


Forebrain at 2 Months 
(coronal section; anterior view) 



Telencephalon at 2 T/2 months 
(right anterior view) 



Right cerebral hemisphere at 3 months 
(medial aspect) 



Cerebral hemispheres at 3 months 
(coronal section) 


Diencephalon and telencephalon 
Mature (coronal section) 







Development of the Forebrain 

Forebrain at 2 Months (coronal section; anterior view) 



Epiphysis 
(pineal gland 


Cerebral hemisphere 
(cut edge 


Hippocampus 


Diencephalon 
Roof of 3rd ventricle 
Lateral ventricle 


Interventricular foramen 


Choroid fissure 


Thalamus 

Corpus striatum 
(basal ganglion) 

3rd ventricle 


Choroid plexus 


Optic (nerve) stalk 


Lamina terminal is 






Development of the Forebrain 

Telencephalon at 2 1/2 months {right anterior view) 



Right cerebral hemisphere 
(cut edge) 


Left cerebral hemisphere 


Opening of cavity of right 
olfactory lobe 


Olfactory lobes (cortex) 


Corpus striatum 
(basal ganglion) 


Choroid plexus protruding 
into right lateral ventricle 
along choroid fissure 


Interventricular foramen 


Hippocampus 








Development of the Forebrain 

Right cerebral hemisphere at 3 months {medial aspect) 



Choroidal vessels passing to 
choroid plexus, which 
protrudes into right lateral 
ventricle along choroid fissure 


Hippocampus (archicortex) 


Anterior commissure 


Stria terminalis 


Lamina terminalis 


Thalamus (cut surface) 


Olfactory lobe (paleocortex 


3rd ventricle 


Line of division between 
diencepahlon and telecepahlon 


Medial surface of right cererbral 
hemisphere (necortex) 


Corpus callosum 


Commissure of fornix 
(hippocampal commissure) 


Fornix 






Development of the Forebrain 

Cerebral hemispheres at 3 months {coronal section) 



Dura matter 
Falx cerebri 

Ependymal layer 
Mantle layer 
Marginal layer 

Neocortex 


Superior sagittal sinus 

Inferior sagittal sinus 


Lateral ventricle 


Ependymal-pial covering 
of choroid plexus 


Choroidal vein and artery 


Choroid plexus of 
roof of 3rd ventricle 


Hippocampal cortex 


internal capsule 
- Interventricular foramen 

Anterior commissure 


Corpus striatum 
(basal ganglia) - 


Caudate 
nucleus 

Lenticular 

nucleus 


Optic recess of 3rd ventricle 












Development of the Forebrain 

Diencepahlon and lelencepahlon 
Mature (coronal section) 



Mamillary bodies 


Corpus callosum 


Body of caudate nucleus (basal ganglion) 


Internal capsule Corpus striatum 

(basal ganglion) 

CEau strum 

Insula 


Lateral sulcus 


Temporal lobe of 
cerebral hemisphere 
(from alar plate) 


Cerebral cortex 
(gray matter) 


Tracts (white matter) 
Amygdala 

Line of fusion between 
diencepahlon and telencephalon 


Choroid plexus (projecting into lateral 
ventricle along choroid fissure 


Septum pellucidum 
Fornix \ 

Choroid plexus in \ 
roof of 3rd v entri c I e \ 


Interthalamic adhesion 
(bridging 3rd ventricle) 


Thalamus 


Hypothalamus 








Development of the Pituitary Gland 




Infundibular process 


Infundibular process 


Oral ectoderm 
Rathke's pouch 

Stomodeum 


Mesoderm 


Rathke's pouch 



1. Beginning formation of Rathke's 
pouch and infundibular process 


2. Neck of Rathke's pouch 
constricted by growth of mesoderm 


3. Rathke's pouch "pinched off" 



Median eminence 



Pars tuberalis 
Infundibulum 


Pars nervosa 


Pars intermedia 


Pars distalis (pars 
glandularis) 


Cleft 






4. "Pinched off" segment conforms to 5, Pars tuberalis encircles infundibular 6. Mature form 

neural process, forming pars distalis, stalk (lateral surface view) 

pars intermedia and pars tuberalis 





Development of the Ventricles 


Frontal section (ventral to sulcus limitans) at 36 days 

Lamina terminalis 


Telencephalic 

vesicle 


Alar plate 


3rd ventricle 


Rhomben-. 

cephalon 


Ependymal lining of cavities of brain at 3 months 

Right lateral ventricle 



Cerebral aqueduct 


Mete nee p ha Ion 
(cerebellum, 

pons) — ' 

Metacoele 
(4th ventricle) 


Myelencephalon 
(medulla oblongata) 


4th ventricle 



3rd ventricle 

Lateral ventricle 

Optic stalk 
Optic cup 
Infundibular recess 

Diencephalon 

Mesencephalon 

Basal plate 


Left lateral ventricle 

I nte rve ntric u la r fb ra me n 
(of Monro) 

3rd ventricle 


Spinal cord 


Infundibular recess 
(on ventral surface) 

Cerebral aqueduct 
(of Sylvius) 


Lateral aperture of 4th 
ventricle (of Luschka) in 
lateral recess 



Median aperture 
of 4th ventricle (of 
Magendie) in roof 


Central canal of spinal cord 



Central canal 








Development of the Ventricles 

Ependymal lining of cavtlies of brain al 9 months {birth) 


Right lateral ventricle 


Anterior horn of left lateral 
ventricle in frontal lobe 



Region of invagination of 
choroid plexus along choroid 
fissure of lateral ventricle 


Thalamic impression 


Optic recess of 3rd ventricle 


Infundibular recess 

Region of invagination of 
choroid plexus along choroid 
fissure of lateral ventricle 


Cerebral aqueduct (of Sylvius) 


Central part of left 
lateral ventricle 


Suprapineal recess 
of 3rd ventricle 


Pineal recess 


Left lateral aperture (of 
Luschka) of 4th ventricle 


Median aperture (of 
Magendie) of 4th ventricle 


Central canal of spinal cord 


Right interventricular 
canal (of Monro) 


Foramen in 3rd ventricle for 
interthalamic adhesion 


Inferior horn of left lateral 
ventricle in temporal lobe 


Posterior horn of left lateral 
ventricle in occipital lobe 


Superior recess of 4th ventricle 







Congenital Ventricular Defects 



Hydrocephalus 


Clinical appearance in 
advanced hydrocephalus 


Potential lesion sites in obstructive hydrocephalus 




1. Interventricular foramina (of Monro) 

2. Cerebral aqueduct (of Sylvius) 

3. Lateral apertures (of Luschka) 

A. Median aperture (of Magendie) 


Lateral ventricle 
3rd ventricle 
4th ventricle 


Section through brain showing marked 
dilation of lateral and 3rd ventricles 



Adult Derivatives of the Forebrain, MidBrain, and Hindbrain 


Forebrain 

Telencephalon 

CLfdtral hum Spheres (itoturlta) 

Olfactory curie* (paleocortex) 

H if] f]oca fnpiis (archkorfex) 

Eiasal ganglia/corpus striatum 

Literal and 3rd ventricles 

Nerve*: 

Olfactory (1) 

Diencephalon 

Optic cup/nerves 

Thalamus 

Hypothalamus 

Mammillary bodies 
fart of 3rd ventricle 

Opt ic (11) 

Mkl brain 

Mesencephalon 

Tectum (superion inferior colliculi) 
Cerebral aqueduct 

Red nucleus 

5ub$.umEia nigra 

CrUS cmbdli 

Oculomotor (HI) 
Trochlear (IV) 

Hindbrain 

Metencephalon 

Pons 

Cerebellum 

Trigeminal (V) 
Al)ducens(Vl) 

Facial (VII) 

Acoustic (VIH) 

C lossopharyngeal (IX) 
Vagus (X) 

Hypoglossal (XI) 

Myelencephalon 

Medulla oblongata 


e|IDN 

















Pituitary Hormones 


From the Anterior Lobe 
(Pars Distalis) 

From the Posterior Lobe 
(Pars Nervosa) 

Foil i c 1 e - st i m u 1 at i ng 

Thyroid-stimulating 

Vasopressin 

hormone (FSH) 

hormone (TSH) 


Luteinizing hormone 

Ad renoco rf icot r opi c 

Oxytocin 

(IH) 

hormone (ACTH) 


Prolactin 

Growth hormone (GH) 
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THE CARDIOVASCULAR SYSTEM 

TIMELINE 


Prenatal Time Scale (Months) 



Heart tubes and embryonic 
vessels develop. 


Day 25 



ntraembryonic circulation 
established. 


weeks 



A —5 weeks 


The aortic arches transform. 


Birth 

( % 





Foramen ovale closes with 
increased blood flow from lungs. 



The heart tube partitions into 
the four heart chambers. 


8 weeks 



Heart valves 
completed. 


























Early Vascular Systems 



Umbilical cord 


Yolk sac 


Dorsal inters eg mental 
arteries 


Aortic arches 


Sinus venosus 


Anterior, common, 
and posterior 
cardinal veins 


Vitelline artery 


Dorsal aorta 


Umbilical vein 


Left umbilical artery 
(right not shown) 


Chorion 

Vascular systems 
. Intrae mbry o me 
] Vitelline 
Placental 


• _ W-P. 


*I(SM 


Chorionic vi 


li of placenta 












Vein Development 







I0?\ 


R. horn of sinus venosus L horn of sinus venosus 

L anterior cardinal vein 


Segmental veins 

R. vitelline vein 

R. umbilical vein 

R. posterior 
cardinal vein 

R. subcardinal vein 

Mesonephric duct 

R. umbilical artery 


R. subclavian vein 

R. horn of sinus 
venosus 

R. hepatocardiac 
c 


L. common 
cardinal vein 

L. umbilical vein 

L. vitelline vein 

L posterior 

cardinal vein Subcardinohepat 
L. subcardinal vein anastomos 


Aorta 

L umbilical artery 
Caudal artery 


R. metanephros 

R. sacrocardinal 
vein 


R. 

R. supracardinal vein 
R. suprarenal gland 
Celiac trunk 

R. metanephros 


L anterior cardinal vein 
L subclavian vein 


L. horn of sinus 
venosus 

Ductus venosus 
L umbilical vein 


Ureter 


Intersubcardinal 
anastomosis 

umbilical artery 

L. sacrocardinal vein 
Caudal veins 


L. supracardinal vein 

L. horn of sinus venosus 
(coronary sinus) 

Ductus venosus 

L. suprarenal veins 

Superior mesenteric artery 
Inferior mesenteric artery 

Sacrocardino^subcardinal anastomosis 


14 rmn 


























Vein Development 





:iiV 


l&\ 


R. internal jugular vein 


R. subclavian vein 

R. brachiocephalic 

innominate) vein 

Superior vena cava 
R. superior intercostal vein 
Azygos vein 


L. suprarenal vein 

L. renal vein 


Inferior 
vena cava 


Gonadal veins 


L. brachiocephalic [L. 
innominate) vein 


artery 


R. umbilical artery 


. superior 
intercostal vein 


Ligament of L. 
superior vena 
cava (Marshall) 

Accessory 
hemiazygos vein 

Coronary sinus 
Hemiazygos vein 
Hepatic veins 
Ductus venosus 
Portal vein 
Umbilical vein 
L. suprarenal vein 

L. renal vein 

Gonadal [testicular 
orovarian) veins 


Middle sacral 
artery and vein 


L. common iliac 
artery and vein 


L. brachiocephalic [L. 
innominate) vein 


L. anterior 
cardinal vein 


L. common 
cardinal vein 


L. umbilical artery 


L. external 
iliac artery 

R. internal iliac 
vein and artery 


R. external iliac 
artery and vein 


L. posterior 
cardinal vein 


Coronary sinus [L. 
horn of sinus venosus) 


L. suprarenal 
veins 


R. kidney 
[R. metanephros) 


L. umbilical 
artery 


R. umbilical 


R. suprarenal 
gland 


17 mm 


24 mm 


A< icrm 






























Vein Anomalies 



L. superior vena cav~ 
Ductus arteriosus 
Accessory hemiazygos vein 

L pulmonary artery 
L. pulmonary veins 
Coronary sinus 

L superior vena cava 


Accessory 
hemiazygos vein 

Superior vena cava 
Very large azygos 


Common hepatic vein 


R. suprarenal gland 


R. kidney 

R. testicular or 
ovarian vein 


Inferior vena cava 


R, ureter 


Superior vena 

R. superior 
intercostal vein 
Azygos vein 

Coronary sinus 
Inferior vena cava 

Hepatic veins 
Hemiazygos vein 
L. suprarenal vein 

L. renal vein 

L testicular or 
ovarian vein 

Abdominal aorte 

R inferior vena cava 


of aorta 
R. superior vena cava 
Anomalous R. subclavian artery 
Azygos vein 

pulmonary artery 

R. pulmonary veins 
Inferior vena cava 


L. superior intercostal vein 


hemiazygos vein 
Coronary sinus 


Hemiazygos vein 
L. Suprarenal vein 

L. renal vein 
Abdominal aorta 

L. inferior vena cava 


Azygos drainage 


Double inferior vena cava 
















Aortic Arch Arteries 





mm 


10 mm 


Ascending 

L aortic arch I aorta 


IV 

L. dorsal aorta 
in 
iv 


R. primitive 
pulmonary 

L. primitive arte, 7 
pulmonary 
artery 

dorsal aorta 

R inters egmental 
artery Vll 


L inters egmental 
artery VU 


R. primitive 
pulmonary artery 


R. dorsal aorta 


IV 

Pulmonary 

trunk 


^L. primitive 
pulmonary 
artery 


R, aortic arch 1 
L aortic arch l 

L aortic 
arch II || 


R. dorsal 
aorta 


R. aortic 

Aortic sac 

R. dorsal 
aorta 


tv 

VI 

L. dorsal 
aorta 


R. aortic arch I 


3 mm 











Aortic Arch Arteries 


Internal carotid arteries 






External carotid 
arterie s 

“ R. carotid duct 


r, 

trunk 

R. pulmonary 
artery 


14 mm 


L. carotid duct 


IV 

VI (ductus 
arteriosus) 


External carotid arteries 


Common 
r arntirt arteries 


L. intersegmental 
artery VII 
(L. subclavian 
artery) 

R. subclavian 
artery 

L, pulmonary 
artery 

Ascending aorta 
(ductus arteriosus) 

Pulmonary trunk 


14 mm irighl 
Literal view) 


R. vertebral 

h of aorta 
L. vertebral 


R. subclavian 
artery 

Brachio- 
cephalic 

L. subclavian artery 
R, pulmonary artery 

Arch of aorta 
Pulmonary trunk 


L. pulmonary artery 


Internal 

carotid 

arteries 

L vertebral 

L- subclavian 
artery 

Ductus 

arteriosus 


L. pulmonary 
artery 


Descending 

aorta 


17 mm 


At term 


R. pulmonary artery 














Artery Anomalies 


Double 
aortic - 
arch 


Right aortic 
arch and left ' 
ductus - 
arteriosus: 
anterior type 


Right aortic 
arch and left 
ductus 
arteriosus: 
posterior 
type 


R. common carotid artery 
R. subclavian artery 
R. aortic arch 
R. pulmonary artery 
R. bronchus 



Esophagus 

Trachea 

L common carotid 
artery 

L subclavian artery 
L aortic arch 
Lig amentum arteriosum 
L pulmonary artery 
L. bronchus 
Pulmonary trunk 
Esophagus 
Descending aorta 



Embry ologic origins: 
Compare colors with the 
sequence on Figure 4.05A 
and Figure 4.05B 


R. common carotid artery 
R. subclavian artery 
R. aortic arch 
R. pulmonary artery 
R. bronchus 



Esophagus 

Trachea 

L subclavian artery 
L common carotid artery 
Ligamentum arteriosum 
L brachiocephalic trunk 
L pulmonary artery 
L bronchus 
Pulmonary trunk 
Esophagus 
Descending aorta 


R. common carotid artery 
R. subclavian artery 
R. aortic arch 
R. pulmonary artery 
R. bronchus 



Esophagus 

Trachea 

L common carotid artery 
L subclavian artery 
Ligamentum arteriosum 
L. pulmonary artery 
L. bronchus 
Pulmonary trunk 
Esophagus 
Descending aorta 














Artery Anomalies 



L. pulmonary artery 

R, pulmonary artery 

Esophagus 

™ \ Trachea 

\ L. subclavian 
V artery 


R. pulmonary artery 


L pulmonary artery 


L. common \ 
carotid artery 


R. pulmonary artery 
from ascending 
aorta: posterior type 


L. pulmonary artery 
from ascending aorta 
anterior type 


R. subclavian artery / 's 
R. common carotid artery /.- 
L pulmonary artery — 

R. pulmonary artery ^^$9 
R. bronchus 
Ascending aorta- 


Arch of aorta 
-L. pulmonary artery 

~LigamenEum arteriosum 
- L bronchus 


Pulmonary trunk 


Anomalous origin 
of L. pulmonary 
artery from R. 
pulmonary artery: 
"vascular sting" 


R. pulmonary artery 


L. pulmonary 
artery 


L pulmonary artery 


L. pulmonary artery from 
L. ductus arteriosus: 

L. aortic arch 


L, pulmonary artery from 
L. ductus arteriosus: 

R. aortic arch 


R. pulmonary artery 






Intersegmental Arteries and Coarctation of the Aorta 

Coarctation of the aorta 



Arteria 

berrans 


Internal 

thoracic 

(int. 

mamma 

arteries 


R. transverse scapular artery 

R. transverse cervical artery 
R. thoracicoacromial a. 

R. lateral thoracic a 

R. subscapulara. 

R. circumflex scapulara. 


Vertebral arteries 
Inferior 


R. 4th intercostal artery 


L. common carotid artery 

L. ascending cervical artery 

L. superficial cervical artery 

L. costocervical trunk 

L. transverse scapular artery 

L. internal thoracic (int. 
mammary) artery 

L. axillary artery 

L. subclavian artery 

Ligamentum arteriosum 


:\4 


I(ef\ 


(Adult) 
Postductal type 


Intercostal artery retracted from rib, 
demonstrating erosion of costal 
groove by the tortuous vessel 


Jntant; 1 month) 
Preductal type 


To superiorand 
inferior epigastric If 
and external iliac f 
arteries 









Summary of Embryonic Blood Vesel Derivatives 


R. anterior cardinal vein L. supracardinal vein 





4 itim 


L. ham of sinus venosus 
{coronary sinus) 

Internal caroisd arteries 


Superior 
mesenteric artery 


Inferior 

mesenteric 

artery 


Vticular systems 

I I Intnaembryonic 
I I Vitelline 
I J Placental 


Pulmonary trunk 

Sacnocandino- 
subcandinal 

anastomosis R. pulmonary artery 

L. pulmonary artery 


L. intersegmental artery 
VII (L. subclavian artery) 


Aortic sac 
Heart 


Yolk 
sac — 


Chorion 


Chorionic villi of placenta 


Aortic arches 

Sinus vtrnosus 

R Supracardinal vein 

F Common, and 
postereOF cardinal veins 

R renal gland 

Dorsal intersegmental 
artenes 

Celiac trunk 
aorta 


Left umbilical artery 
(right not shown) 

R. metanephnos 


L carotid 
duel 


Vitelline 
artery 

Umbilical vein 


Umbilical cord 


L. suprarenal 
ns 


14 - mm 



C I@N 








Formation of Bloodvessels 

Presomite stage (1.5-mm embryo) at approximately 20 days 


Yolk sac 





Ventral dissection 


Blood island 

Intraembryonic coelom 
Foregut 

Prechordal plate 
Neural plate 

Arm i otic 
cavity 


Yolk sac 
endoderm 


Mesenchyme \ \ 
cells 

(splanchnopleuric 
mesoderm) 

Blood island 


Endoderm 
Connecting stalk 


Progressive 
stages in blood — 
vessel formation 


Blood islands 
(of cardiogenic plate) 


Intraembryonic 

coelom 


Beginnings of 
dorsal aortas 



Endothelium 


Lumen of 
primitive vessel 


Sagittal dissection 
(paramedian) 














Formation of the Heart Tube 

One-somite stage {1.5 mm} at approximately 20 days 



R. endocardial tube 


Intraembryonic 
coelom 


Amnion 

L. endocardial tube 


Left 

dorsal 


Intraembryonic coelom 
(pericardial cavity) / 


Amnion 

Myocardium 
R. endocardial 

Forebrain 
Foregut 

L. aortic 
arch I 


Ventral dissection 


Sagittal dissection 




















Formation of the Heart Tube 

Two-somite stage (1.8 mm) at approximately 21 days 


Amnion 



Pericardial 

cavity 


R. endocardial 


Oropharyngeal 

membrane 


L aortic arch ! 


Endoderm 


Foregut 


L. endocardial tube 


Communications 
between L. and R. 
endocardial tubes 


L and R. 
vitello- 
umbilical 
veins 


L dorsal 
aorta — 


R. endocardial tube 


Ventral dissection 


Sagittal dissection 













Formation of the Heart Tube 

Four-somite stage (2.0 mm} at approximately 22 days 




Oropharyngeal membrane 

aortic arch I 

endocardial tube 

mmunications between 
L endocardial tubes 

endocardial tube 

Myocardium 


Pericardial 
cavity 

L. sinus venosus 

sinus venosus 
Foregut 
R, umbilical veins 

Vitelline veins 

Yolk sac 


dorsal aorta 


Forebrain 
R_ aortic arch I 
Amnion 


Amnion 


Forebrain 




Ventral dissection 


Sagittal dissection 









Formation of the Heart Tube 

Seven-somite stage (2.2 mm) at approximately 23 days 



.Oropharyngeal membrane 
J_. aortic arch I v 


.Bulbus cordis 


Myocardium 

Cardiac jelly 

^.Pericardial y 
cavity 

■Ventricle 


R. sinus' 
venosus 


L sinus 
venosus 

"Atrium 

-Foregut 


Forebrain 
R. aortic arch I 
Amnion 


Dorsal myocardium 
Dorsal 

mesocardium 


L dorsal aorta 

Vitelline veins 


R. umbilical vein 




Ventral dissection 


Sagittal dissection 












Chambers of the Heart Tube 

Ten-somite stage (2,5 mm) at approximately 23 days 



Atrium 


Forebrain 


R. aortic arch I 


R. sinus 
venosus 


Buccopharyngeal membrane 
L aortic arch I 
L aortic arch II 
lOrtic sac 
Bulbus cordis 
Myocardium 
Cardiac jelly 
Amnion 
Ventricle 
Pericardial cavity 
AV canal 
L sinus venosus 
Septum transversum 
L sinus venosus 

Yolk sac 

Vitelline veins 

L umbilical vein 


L. carotid artery 


L pharyngeal 
ouch I 


L anterior 
cardinal vein 


Dorsal mesocardium 
breaking down to form 
the transverse sinus 


L. dorsal aorta 


Ventral dissection 


Sagittal dissection 


r 












Chambers of the Heart Tube 

Fourteen-somite stage <3.0 mm) at approximately 24 days 




membrane 
L. aortic arch I 
L aortic arch II 
Aortic sac 
Bulbus cordis 
Bulboventricular 
Pericardial cavity 
ocardium 
Cardiac jell; 
Ventricle 
AV canal 
Atrium 

transversum 
Hepatic 
diverticulum 


Sinus venosus 
Yolk sac 
ne veins 
L umbilical vein 


R. aortic arch I 


Truncus 

arteriosus 


Dorsal mesocardium 


L. anterior 
L common 
L. posterior 


Cardinal 

veins 


Ventral dissection 


Sagittal dissection 












Bending of the Heart Tube 

Twenly-somile siage (3.2 mm) al approximately 25 days 





R. aqrtie arch I 
R. atrium 


Truncus arteriosus 

Bulbus cordis 
Primitive R ventricle 


Oropharyngeal membra 
L. aortic arch I 
L. aortic 11 
Aortic sac 


Fore bra in 


R. atnu 


Aortic arches I 


Aortic arches II 


L. atrium 

Primitive 
L. ventricle 

Cjfdije jelly 
Myocardium 
Pericardial cavity 
Sinusvenosus 
Septum transversum 
Hepatic d,iv* 4 iCuJijm 
l_ vitelline v#m 
L. umbilical vein- 
Yolksic 
Foregut 

Dorsal aorta 

Aortic sac 
Truncus arteriosus 
Bulbus cordis 
Primitive R ventricle 
L atrium 

AV anal 

Primitive L. ventricle 
Sinus Venosus 
R. and L. sinus horns 

Posterior 

GjMdiftal veins 

Vitelline veins 
Umbilical veins 


Umbilical 

arteries 


E_ umbi^il 


L. pharyngeal pouches 
nd I 


L JAlirior 
£ Jidiftal vein 


Endocardial tufoe with myocardium removed 


L. common 
cardinal vein 


L. posterior 
cardinal vein 


Hindgut 

R umbilical 
vein 


Cloacal 

membrane 


Note: The vascular color scheme 
distinguishes veins from arteries, It does 

nut reflect blood my&maikm levels. 

























Partitioning the Heart Tube 


nferkir halves of heart 
viewed from above 



Opened and viewed from right side 


(Segment removed from R. venous 
valve to expose L. venous valve) 




R. venous valve 
L venous valve 
Septum primum 
Foramen 
Superior endocardial cushion 
nferior endocardial cushion 


6.5 mm (29 clays) 


Inferior vena cava 




secundum 




-USX' 


Foramen secundum 
Coronary sinus 
Septum primum 
primum 

——LAV orifice 
Sup. endocardial cushion 
Inf. endocardial cushion 

R. AV orifice 

9 mm (33 days) 


Interventricular septum 










Atrial Separation 



Foramen secundum appears 


Left atrium 


Right atrium 


Septum secundum 


Foramen 

primum 

diminishes 


Foramen primum 


Septum primum 


Pulmonary 

veins 


Septum primum with 
foramen secundum 


Foramen ovale 


Superior 
vena cava 


Sinus venosus 


Fossa 

ovalis 


Right atrium 


Left atrium 


Right ventricle-* 


Left ventricle 


Bulbus cordis 


Truncus arteriosus 


Inferior vena cava 


Septum secundum 


C/%&&&&- 

* _ 


Foramen ovale closed after birth 
with increased pulmonary flow 





Spiral (Aorticopulmonary) Septum 


4 to 5 mm (approximately 27 days) 


6 to 7 mm (approximately 29 days) 




Interventricular septum 


Left inferior truncus swelling 


Superior 

endocardial 

cushion 


AV canal 


Primitive 
R. atrium 


AV canal 

Primitive 
R. ventricle 


Right dorsal 
bulbus swelling 


Primitive L. atrium 


Bulboventricular 

flange 


Septum 


Interventricular septum 


Primitive L. ventricle 


L. aortic 
arches 


Truncus arteriosus 


Bulbus cordis 


Bulboventricular 


I 

II _ L. aortic 
HI arches 

IV 


Truncus arteriosus 

Right superior 
truncus swelling 


Inferior endo- 
cardial cushion 









Spiral (Aorticopulmonary) Septum 


8 to 9 mm (approximately 31 days) 


9 to 10 mm (approximately 33 days) 




Right superior 
truncus swelling 


Left inferior 
truncus swell 


Aorta channel 


Left inferior 
bulbus 


Right dorsal 
bulbus swelling 


R. lateral cushion 

Bulboventricular flange 


Interventricular septum 


Pulmonary 

channel 


Left ventral 
conus swelling 


Right superior 
bulbus swelling 


Aorta 


Pulmonary trunk 


Pulmonary valve swelling 


Left ventral 
bulbus 


L. atrio¬ 
ventricular 


L. lateral 
cushion 


SuperioTL Endocardial 

.. , . T cushions 
Inferior J 


Superior LEndocardial 
Inferior fcushions 


Bulboventricular flange 


Interventricular septum 











Completion of the Spiral (Aorticopulmonary) Septum 

1 6 mm (approximately 37 days) 


Viewed from in Iron 


Viewed from above 




uctus arteriosus 


Aorticopulmonary 

septum 


Pulmonary trunk 


Septal band 


Moderator band 


Mitral orifice 


Aorta 


Ascending 

trunk 
valve 


Tricuspid orifice 


Conus 

septum 


Septal band 


Interventricular septum 










Completion of the Spiral (Aorticopulmonary) Septum 

40 mm {approximately 55 days} 


Viewed from in front 


Viewed from above 




Septal band 


Medial (conal) 
papillary muscle 


Aorta 


Medial (conal) 
papillary muscle 


Anterior 

papillary muscle 


Anterior Posterior 
cusp cusp 
- 1 - 

Of mitral valve 


Supra¬ 
ventricular 
crest 


vena cava 


aorta 


Descending 

aorta 


Ductus 
arteriosus 

Pulmonary trunk 


Anterior 

cusp 


cusp 


Medial 

cusp 


- 1 - 

Of tricuspid valve 


R.cusp 
cusp 
cusp 


-Pulmonary 
valve 









Ventricular Separtion and Bulbus Cordis 


Without the spiral septum 

No exit for blood in left ventricle 


With the spiral septum 

Blood can exit both ventricles 




Truncus 

arteriosus 


Bulbus 


The three structures that must fuse 
to complete ventricular separation: 

□ Endocardial cushions 
Interventricularseptum 
’ Spiral septum 


Spiral septum 


Left atrioventricular 
canal 


Interventricular (IV) septum 


Endocardial cushions 
Right atrioventricular canal 


C/fcM&to4- 

* _ 


Pulmonary trunk 



R.V, 

A 

L.V. 


/ 


Spiral septum 


®H9l\i 



Left 

ventricle 


IV septum 


Part of the right ventricle is 
incorporated into the left 


















Adult Derivatives of the Heart Tube Chambers 






Heart lube derivatives 


Heart tube primordia 

Aortic arches 


Truncus 

arteriosus 


•1 


Ascending aorta 
Pulmonary trunk 


Bulbus 


Aortic vestibule 


“ of left ventricle 
Conus arteriosus 
of left ventricle 


Ventricle -f Trabecular walls of left Adu!t heartf ante rior view 
|_and right ventricles 


Sinus 
venosus 


re 

j 7 l«' 


Coronary sinus 
Smooth wall 
right atrium 


Atrium — 


Auricles/pectinate 
muscle walls of left and 
right atria (smooth wall 
of left atrium from 
pulmonary veins) 


®l€iN 


Aduit heart, posterior view 





Fetal Circulation 



Pulmonary trunk 

Superior vena cava 
Right pulmonary artery 

Right pulmonary vein 
Foramen ovale 

Hepatic vein 

Ductus venosus 
Liver 

Hepatic portal vein 
Umbilical vein 


Aorta 

Ductus arteriosus 
Left pulmonary artery 

Left pulmonary vein 
Inferior vena cava 


Aorta 


Celiac trunk 


rior mesenteric artery 


Kidney 

Gut 


:\'4 


i@\ 


Umbilical arteries 


internal iliac artery 










Transition to Postnatal Circulation 



Fossa ovaiis 
(obliterated foramen ovale) 


Ligamentum venosum 
(obliterated ductus venosus) 


Ligamentum teres (round ligament) 
of liver (obliterated umbilical vein) 


Medial umbilical ligaments 
(occluded part of umbilical arteries} 


arteriosum 
ductus arteriosus) 













Congenital Heart Defect Concepts 

Clinical characteristics of too little pulmonary flow 




Clinical characteristics of too much pulmonary flow (pulmonary volume overload) 


Infant with respiratory 
distress (including orthopnea 
and tachypnea) caused by 
pulmonary volume overload 




Sternal retraction 


Intercostal retractions 


JOhNA.CRAte_*p 


Perspiration and 
tense, anxious facies 


Flared nostrils 


Ventricular Septal Defects 


Muscular interventricular septal defect 




Subpulmonic defect 



Ventricular septal defect 


Left-to-right shunt through 
ventricular septal defect 


Right ventricular hypertrophy 


— Decreased systemic flow 


Increased pulmonary flow 
(pulmonary volume overload) 


Ventricular septal defect 


Left ventricular hypertrophy 

JOHMA.CO 

e nN 


iiSvf'EilrkijIjir 

septal defect 







Atrial Septal Defects 







Superior vena cava 
Crista terminal is 

R. superior pulmonary vein 

Atrial septal defect 

R. inferior pulmonary vein 

Remnant of septum primum 
Coronary sinus 
Wve of inferior vena cava 
Inferior vena cava 

Superior vena cava 
Sinus venosus defect 
Anomalous R. upper-lobe pulmonary veins 

Fossa ovalis 
R. lower-lobe pulmonary vein 


Aorta 

Pulmonary trunk 
R. auricle 


Foramen secundum defect 


Sinus venosus defect 


Common atrium 






Spiral Septum Defects 


Persistent truncus arteriosus 


Transposition of great vessels 





Bicuspid pulmonary valve 
Pulmonary trunk 
Aorta 

Narrowed pulmonary outlet 

Supraventricular crest 

Overriding aortic valve 


Septal 

Interventricular 


Tricuspid 


Hypertrophied R. 


Ventricular septal 
defect (anterior cusp of 
mitral valve seen 
through defect) 


Intense cyanosis caused 
by high proportion of 
deoxygenated blood 


Decreased 
pulmonary flow 


Small pulmonary 
trunk 


Aorta shifted to 
right and 
overrides defect 


Ventricular 
septal defect 


Right ventricular f 
hypertrophy 


Right 

ventricular 

outflow 

obstruction 


Right-to-left 
shunt 
through 
ventral 
septal 
defect 


Note: Bold labels indicate the 
four primary defects 
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Patent Ductus Arteriosus 


Patent ductus arteriosus 



trunk 


arteriosus 
L pulmonary 



■ Left v entri c u I ar h y pertroph y 


Decreased systemic flow 


Left-to-right shunt through 
patent ductus arteriosus 


Increased pulmonary flow 
(pulmonary volume overload) 


Pathophysiology of patent dut-lus arttrcuiiis 
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Chart4.1 Embryonic Bloodvessel Derivatives 


CHART 4.1 EMBRYONIC BLOOD VESSEL DERIVATIVES 

Embryonic Vessels Major Derivatives 

Aortic arch artery 1 Part of maxillary arteries 

Aortic arch artery 3 Common and internal carotid arteries 

Aortic arch artery 4 Right subclavian artery; part of aortic arch _ 

Aortic arch artery 6 _ Ductus arte Host is; proximal pulmonary arteries _ 

Intersegments I arteries Intercostal arteries 

Lumbar arteries 
Common Miac arteries 

Parts of vertebral, subclavian, and lateral sacral arteries 
Umbilical arteries Medial umbilical ligaments on the internal aspect of the abdominal 

wail 

Umbilical vein Round ligament of the liver (ligamenfum teres) 

Vitelline arteries Cdiac trunk 

Superior mesenteric artery 
Inferior mesenteric artery 
Vitelline veins Hepatic portal system 

Hepatic veins 

Intrahrpafic segment of the inferior vena cava 

Anterior cardinal veins Superior vena cava 

Brachiocephalic (innominate) veins 
Internal jugular veins 

Subcardinal veins Lower inferior vena cava 

(and anastomoses Renat and suprarenal veins 

between the systems) Gonadal veins 

Supra card in a I veins Azygous system of veins 

Segment of the inferior vena cava between the kidneys and liver 


oimM 














THE RESPIRATORY SYSTEM 

TIMELINE 


Prenatal Time Scale (Months) 


4—5 weeks 


5—6 weeks 



Cervical somite myotomes migrate into the 
septum transversum to form the diaphragm. 
The nasal placode invaginates to form the 
nasal sac, the anterior part of the primitive 
nasal cavity. 

7—8 weeks 



Primary palate fuses to 
secondary palate. 


5 months 



Epithelium in distal part 
of the airway in the lungs 
is cuboidal. No gas 
exchange is possible in 
a premature infant. 


Rla^tocyit 



Soft palate and epiglottis overlap 
in a short pharynx to help 
separate air and gastrointestinal 
passages during breastfeeding. 


Laryngotracheal diverticulum off the foregut 
divides into left and right bronchial/lung buds. 

6—7 weeks 



Tertiary (segmental) bronchi have formed. 
8—10 weeks 


Nasal septum fuses to 
completed secondary 
palate. 


Alveolar epithelium thins 
out against capillaries. 
Breathing is possible in 
a premature infant with 
artificial surfactant. 



















Early Primordia 




Embryo at 3 to 4 u«ks Sagittal section 


Embryo at 3 to 4 ueeks Lateral View 

U- 1.0 mm 


Yolk sac wall 
Extraembryonic coelom 


Fore bra in 


Anterior 

neuropore 


leal 


Stomodeum 
Future thoracic wall 
Heart 

Pericardial coelom 
Amnion 


Oropharyng 
embrane 


e 


al 


Fore gut 


idgut 


Left optic 
vesicle 


Stomodeum 


Cardiac prominence 


□tic pit 


1st cervi 
somite 


cal 


1st pharyngeal arch 


Future brain ventricle 
Rathke's pouch 

Ectoderm 


Forebrain 
(neural 
tube) 




Lateral view (4 to 5 weeks) 

h- 


Sagittal section 


Hypothalamus of brain 


1st pharyngeal 
groove 

Maxillary 
process 

Left 
lens 
placode 

Na 

placed 


Stomodeum 

Cardiac 

prominence 


Auditory vesicle 
from otic placode 

2nd pharyngeal 
roove 

1st cervical 
somite 
(myotome 
portion) 


Frontal 

prominence 


Infundibulum (posteri 
hke's pouch (ante 


3rd and 4th 
pharyngeal 
groove 

4th pharyngeal arch 
3rd pharyngeal arch 
2nd pharyngeal arch 
1st pharyngeal arch 


Pituitary 
d 


Nasal 
placode 

Stomodeum 
1st pharyngeal arch 


Thyroid diverticulum 


1st pharyngeal 
pouch 

Oropharyngeal 

membrane 

(disintegrating) 

Pharynx 

Laryngotrachea 
ridge or groove 

Esophagus 

Bronchial (lung) 
bud 


:\4 


















Formation of the Pleural Cavities 



Neural plate 


The arrow passes through a temporary 
communication between the extraembryonic 
coelom and intraembryonic coelom 


A. Cross section of embryo 

Notochord 


Lateral plate mesoderm 


The intraembryonic coelom in the 
lateral plate is continuous with the 
coelom in the cardiogenic mesoderm 


Paraxial column 
(segmenting into somites) 


intermediate mesoderm 


13. Sagittal section at 5 to 6 weeks 



4.0 mm 


Stomodeum 
Oronasal membrane 
Nasal (pit) sac 
Tongue (cut surface) 

Primary palate 
1st pharyngeal arch 

Truncus arteriosus 

Atrium of heart 

Ventricle of heart 
Pericardial cavity 

Gallbladder 
Foregut 

Liver developing in mesenchymal tissue, 
which forms septum transversum 


Rathke's pouch 

Opening of 1st pharyngeal pouch (auditory tube) 
Foramen cecum (site of origin of thyroid gland) 
penings of 2nd, 3rd, and 4th pharyngeal pouches 
Epiglottis 

Laryngotracheal groove opening 
Trachea 
Esophagus 

L. pleuropericardial fold (future mediastinal pleura and 
pericardium between pleural and pericardial cavities) 

Left lung bulging into pleural canal, which 
connects pericardial and peritoneal cavities 

Pleuroperitoneal fold (future L. 
posterior portion of diaphragm) 

Septum transversum (mesenchymal tissue; 
future anterior portion of diaphragm) 

Peritoneal cavity 







The Relationship Between Lungs and Pleural Cavities 

Sagittal section at 6 to 7 weeks 


■+ 


7.0 mm 


> 




Oral cavity 


Gronasal membrane 


Maxillary fold 


Median palatine process 


1st pharyngeal arch 


Tongue (cut surface 
Pericardial cavity 

Ventricle of heart 

Septum transversum 
contribution to diaphrag 


iV 


°IG?\ 


Falciform ligament 
Liver (cut s 

Left atrium of heart 
L. common cardinal vein 

Lesser omentum (ventral mesogastrium) 


Left lung bulging into L, 
pleural cavity, which 
developed from pleural canal 

Pleuroperitoneal membrane 
contribution to the diaphragm 

\ G reater omentu m (d ors al mes og astri u m) 

Stomach bulging into left side of peritoneal cavity 

Pleuropericardial fold, which separates L. 
pleural cavity from pericardial cavity 


Lateral palatine process 
(portion of future palate) 


R. nasal sac 


Ethmoid fold 


Epiglottis 

Arytenoid swelling that 
borders laryngeal 
opening (glottis) 


Esophagus 


Trachea 


Rathke's pouch 


Opening of 1st pharyngeal 
uch (auditory tube) 


Foramen cecum of tongue 


Openings of 2nd, 3rd, and 
4th pharyngeal pouches 











Visceral and Parietal Pleura 


Transverse section at 5 to h weeks 

R. dorsal aorta 
Bronchial buds 
Lung stroma 
Visceral pleura 
Parietal pleura 
R. common cardinal vein 
(becomes superior vena cava) 
R, phrenic nerve 
Atrium of heart 
Truncus arteriosus 

Transverse section at 6 to 7 weeks 

Notochord 
Visceral pleura 
R. pleural cavity 
Parietal pleura 
Interior vena cava 
R. phrenic nerve 
Pleuropericardial told 



Ventricles of heart— 
Pericardial cavity 

Parietal pericardium (has inner 
serous and outer fibrous layers) 

Transverse section at 7 to 8 weeks 

R, pleural cavity 
Hilus (root) of right lung ■ 
Visceral pleura * 
Parietal pleura 
R. phrenic nerve 
Pericardial cavity 
Sternum 



in jg 

V \ \ L J j >** 
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Spinal cord 
Myotome of somite 
Notochord 
L. dorsal aorta 

Esophagus 
L. arm bud 
L pleural canal 
L. common cardinal vein 
L. phrenic nerve 
Pleuropericardial folds 
Pericardial cavity 

Spinal cord 
Myotome of somite 
Future vertebral body 
Thoracic aorta 
■Esophagus 
■Bronchial buds 

L. arm bud 
L. pleural cavity 

Pleuropericardial fold 
L phrenic nerve 

Visceral pericardium (epicardium) 

■ Spinal cord 
Thoracic vertebra 
Rib 
■Aorta 

■Esophagus 
Left lung 

■Inferior vena cava 
Ventricles of heart 

L. phrenic nerve within former 
pleuropericardial fold 


M&rfiA*Hniim-rS e P lum of viscera and connective 
"jjissue between pleural cavities 





























R. pleuroperitoneal membrane 


L pleuroperitoneal membrane 


Muscle tissue derived from 
cervical somite myotomes 


Muscle tissue derived from 
cervical somite myotomes 


Septum transversum (future 
anterior portion of diaphragm) 


EmbryologtcaL origins of diaphragm 


4th cervical nerve 
Phrenic nerve 


Aorta 


Development of the Diaphragm 


4.0 mm 


Innervation of muscle masses of tongue, 
neck, and diaphragm at 5 to 6 weeks 


Lingual muscle mass 
(future tongue)- 

Infrahyoid muscle mass (future 
so-called strap muscles) 

Diaphragmatic muscle mass 


Myelencephalon (future medulla oblongata) 
Hypoglossal (XII) nerve 
Spinal medulla (cord) 

Myotome of 1st cervical somite 

Sensory ganglion of 1st 
cervical nerve 

Superior ramus of 
ansa cervicalis 

Inferior ramus of 
ansa cervicalis 

Ansa cervicalis 


Esophageal mesentery 


Septum transve 


:\4 


Gi\ 


Esophagus 


Inferior vena cava 












Congenital Diaphragmatic Hernia 




Trachea 

(deviated) 


Right lung 
(compressed) 


Original pleuroperitoneal 
canal (foramen of Bochdalek- 
the most common site) 


Left lung 
(atrophic) 


Heart 


Diaphragm 


Liver 


Omentum 

Stomach 


Spleen 


Foramen of Bochdalek 


Small bowel 
Colon 


Cecum (malrotation of bowel 
often associated) 




Sites of 
herniation 

- v - 

Foramen of 
Morgagni 

Esophageal 

hiatus 

A large part or all 
of diaphragm may 
be congenitally 
absent 






Airway Branching 


Upper foregut at 4 to 5 weeks {ventral view) 


Bronchi and lungs at !> to fa weeks 


Oropharyngeal membrane (disintegrating) 




R. lung (bronchial) bud 


R r middle lobe 
bronchus 


L lung (bronchial) bud 


Secondary bronchus to middle 
and lower lobes of right lung 


Trachea 


Splanchnic 
mesenchyme 
ventral to 
esophagus 
(lung stroma) 


Visceral pleura 


The airway is lined by epithelium 
derived from endoderm of the foregut 


Pharyngeal 

pouches 


IV 


Trachea 

A 


I 

Splanchnic 
mesoderm of ventral 
foregut (lung stroma) 


roid diverticulum 


Secondary bronchus to 
upper lobe of right lung 


Pharyngeal membrane 
(endodermal wall of 2nd 
pharyngeal pouch makes 
direct contact with ectodermal 
wall of 2nd branchial cleft) 


Laryngotracheal ridge 


Esophagus 


R, lower lobe 
bronchus 


L. main bronchus 


Secondary 
bronchus to upper 
of left lung 


Stomodeum 


R. main bronchus 








Airway Branching 

Respiratory system at 6 to 7 weeks 



Pharyngeal cavity 

Foramen cecum of to 


Tongue 


1st pharyngeal pouch (auditory tube and middle ear) 


pharyngeal pouch (supratonsiUar fossa) 

3rd pharyngeal pouch 

Parathyroid III (future inferior parathyroid gland) 
Thymus 

4th pharyngeal pouch 

Parathyroid IV (future superior parathyroid gland) 
Postbranchial (ultimobranchial) body 


o 


Segment;!) (tertiary) bronchi 
" - 


Apical-posterior 
Anterior 

Superior lingular 
Inferior lingular _ 

Superior 
Posterior basal 
Lateral basal 
Anterior basal 
Medial basal 


— Upper lobe 


— Lower lobe 


Laryngotracheal ridge (larynx) 


Thyroid I R- lateral lobe 
gland ! Isthmus- 


Lower lobe — 


Superior 
Lateral basal 
Posterior basal 
Anterior basal 
Medial basal 


Segmental (tertiary) bronchi 


i Apical 

Upper lobe—f Posterior 


Middle lobe 


LAnterior 

Medial 
Lateral 



















Airway Branching 

Larynx, Tracheobronchial Tree, and Lungs at 7 to 10 Weeks 


Thyrohyoid membrane 


Thyroid cartilage 


Position of cricoid lamina 


Arch of cricoid cartilage 


Greater horn j Hyoid cartilage 
Lesser horn h ( later develops 
Body J int0 bone ) 


Tracheal cartilages 


R. main bronchus 


Thyrocricoid membrane 


Trachea 


L. main bronchus 


L. pulmonary artery 


R. pulmonary artery 


Upper lobe of right lu 


Superior division of 
upper lobe of left lung 


Lower lobe of right lung 


Tertiary branches of bronchi to bronchopulmonary segments 


Right lung 

I Upper 
I lobe 

Middle 
lobe 


lobe 


Left lung 


Apical (Ap) a posterior (F), 

.anterior (A) 

Medial (M) s lateral (L) 

"Superior (S), anterior basal (A-b), 
” posterior basal (P-b), medial basal 
LjM-b), lateral basal (L-b) 


lobe 

Lower 
lobe ' 


Superior!” Apical-posterior 


r -T 

division (Ap-p), Anterior (A) 
Lingular i- . . , , , 1Y 

division "|_ Superior (S), inferior (I) 

Superior (S), anterior basal (A-b), 
medial basal (M-b), posterior basal 
(P-b), lateral basal (L-b) 


:\4 


m\ 












Airway Branching 


Bronchi 


Bronchioles- 



Segmental 

bronchus 


Terminal 

bronchiole 


Cartilages 


Small 

intrasegment 
al bronchi 
(about 15 
generations) 


No further 
cartilages 


Cartilages 
become 
sparser 
(mostly at 
points of 
branching) 


Acinus. 

(part 
of lung 
supplied by 
terminal 
^bronchiole) 


Lobule- 


Terminal 
bronchiole 

Respiratory 
bronchioles 
(3—3 orders) 

- —Acinus 

Alveolar ■ 
sacs and 
alveoli 


Large 

intrasegment 
al bronchi 
(about 5 
generations) 



\\A 




Opening of alveolar 


Pores of Kohn 


Smooth muscle 
Elastic fibers 
Alveolus 


Respiratory 

bronchioles 

(alveoli 
appear at 
this level) 


Alveolar ducts 

Alveolar sac 
Alveoli 


1 st order 
2nd order 
3rd order 


Subdivisions of intrapulmonary airways 


Structure of intrapulmonary airways 




















Bronchial Epithelium Maturation 


Terminal air tube at 2Q weeks 



, 




Respiratory bronchioles 


Terminal bronchiole 


ducts 


Terminal sacs (future alveoli) 


Simple cuboidal 
epithelium 


Capillaries 


Connective tissue 
cells and fibrils 


Terminal air tube at 24 weeks 



Respiratory 

bronchiole 


Alveolar duct 


Terminal sacs (future alveoli) 


: V 


=it"\ 


Simple cuboidal 
epithelium 


| Capillaries 

[ Simple 

Smooth squamous 

muscle cells epithelium 


Fibroblasts 


Thin lining cells overlying 
capillaries (type I cells) 


Elastic fibers 








Congenital Anomalies of the Lower Airway 


A. Tracheoesophageal fistula 


B. Variations of tracheoesophageal 
fistula and rare anomalies of trachea 


Most common form 
090% to 95%) of 
tracheoesophageal 
fistula. Uppersegment 
of esophagus ending 
in blind pouch; lower 
segment originating 
from trachea just 
above bifurcation. 

The two segments 
may be connected by 
a solid cord 



C. Double fistula 



^ Web Hourglass 

1 -1- 1 

G- Stricture of trachea 





Inspiration Expiration 


H- Absence of cartilage 


D. Fistula without 
esophageal atresia 




E. Esophageal F. Aplasia of 

atresia without fistula trachea (lethal) 


Left 

bronchus 


I. Deformity ^ 


Right 

bronchus 


of cartilage J- Abnormalities of bifurcation 










Airway Branching Anomalies 

Pulmonary agenesis, aplasia, and hypoplasia 




A. Complete unilateral agenesis. 
Left lung and bronchial tree are 
absent. Right lung is greatly 
enlarged with resultant shift of 
mediastinum to left, elevation of 
left diaphragm, and approximation 
of ribs on that side 


B. Aplasia of left lung. Only 
rudimentary bronchi on left 
ide, which end blindly 


Hypoplastic lung contains 
some poorly developed 
bronchi but no alveolar tissue 


'X/i 


*l®\ 


C. Hypoplasia 
of left lung 




Bronchopulmonary Sequestration 


Extra lobar sequestered 
lobe supplied by 
accessory bronchus 


Extralobar sequestered 
lobe with communication 
from esophagus 
(communication with 
cardia of stomach has 
also been observed) 



Extra lobar sequestered 
lobe of left lung r Arterial 
supply from thoracic or 
abdominal aorta, venous 
return to hemiazygos vein 


In Ira lobar sequestration 
with cavitation. Arterial 
supply from thoracic or 
abdominal aorta; 
venous return to 
pulmonary veins 




Palate Formation in the Upper Airway 


Sagittal section (5 to 6 weeks) 


Sagittal section (6 to 7 weeks) 


Stomodeum 
Gronasal membrane 
Nasal pit (sac) 


Rathke's pouch 



Opening of 1 st pharyngeal 
pouch (future auditory tube) 

Openings of 2nd, 3rd, and 
4th pharyngeal pouches 


/ f- 

Primitive or primary palate 

1 st pharyngeal arch 

Tongue (cut surface) 

Foramen cecum of longue 
(site of origin of thyroid gland) 



Oral cavity 
Ononasal membrane 


Epiglottis 


Primitive palate (median 
palatine process) 

Right nasal sac 

Maxillary fold 

Ethmoid fold 


Laryngotracheal 
qroove openinq 
(glottis) 

Trachea 


Esophagus 



Lateral palatine process 
(secondary palate) 

Rathke's pouch 

Foramen cecum of tongue 

Opening of 1 st 
pharyngeal pouch 
’futu re a ud ito ry tu be) 

Openings of 2nd, 
3rd, and 4th 
pharyngeal 
ouches 

Epiglottis 



1 st pharyngeal arch 
Tongue (cut surface) 

Trachea 
Esophagus 


Arytenoid 
swelling that 
borders laryngeal 
opening (glottis) 


















Palate Formation in the Upper Airway 


Sagittal section (7 to 3 weeks) 


Sagittal section (3 to 10 weeks) 


Bnokien line indicates position of 















The Newborn Upper Airway 

During quiet respiration with mouth closed {partial mid sagittal section with nasal 

septum removed) 


Newborn (36 weeks) 


K 


105.0 mm 





Superior concha 

Middle concha 

Inferior concha 

Naris 

Hard palate 

Enamel of deciduous 
incisor tooth 

Tongue 

Enamel of deciduous 
incisor tooth 




Mandible 
Foramen cecum 

Hyoid cartilage 

Thyroid cartilage 

Isthmus of thyroid gland 


Sphenoid bone 
Pituitary gland 

Broken line indicates 
site of right choana 
(posterior naris) 

Ostium of right 
auditory tube 

Spheno* occipital 
synchondrosis 

Pharyngeal 
tonsil (adenoids) 

Nasopharynx 

— Soft palate (velum) 

Palatine tonsil 
(in isthmus faucium) 

Epiglottis 

Laryngopharynx 

Arytenoid cartilage 

Vocal fold at 
glottis of larynx 

Cricoid cartilage 

Esophagus 


Trachea 


¥ 

















The Newborn Upper Airway 

During nursing 


Newborn (36 weeks) 



Inspired air flows through 




Larynx elevated 
into nasopharynx to 
permit swallowing 
while breathing 


Suckled milk flows 
from oral cavity through 
isthmus faucium and 
pharynx (passing along 
each side of larynx) 
and then through 
esophagus on way to 
stomach 



THE GASTROINTESTINAL SYSTEM AND ABDOMINAL WALL 

TIMELINE 


1 month 


Prenatal Time Scale (Months) 


2—3 weeks 


Thyroid, lung, liver, and 
pancreas buds from the 
foregut appear. The 
ventral mesentery of 
the midgut and hindgut 
breaks down. The yolk 
sac begins to get 
compressed into the 
umbilical cord. 


Midgut loop extends into 
the umbilical cord. The 
lesser peritoneal sac 
begins to develop from 
the dorsal 
mesogastrium. 



Midgut begins to grow 
in the umbilical cord 
and rotate 270 
degrees around the 
superior mesenteric 
artery. 

8 months 



-iw 


Abdominal wall: testes pass 
through the inguinal canal. 


The gastrula folds to 
form the gut tube. 


The yolk sac is now a stalk 
in the umbilical cord with the 
urachus. The peritoneal 
cavity separates from the 
thoracic cavities. The three 
primary gut arteries develop. 


Midgut returns to abdominal cavity. 
4—5 months 



Pancreas, duodenum, 
and ascending and 
descending colon fuse 
to the posterior 
abdominal wall. 


9 months 
Testes enter the scrotum. 



























Early Primordia 

14 days 




Plane of section 


Yolk sac 


Amnion 


KEY 

Endoderm 

Mesoderm 

Ectoderm 


Neural plate of embryonic disc 


stalk 


Amnion 

Amniotic 
cavity 


Yolk sac 


Extra- 

embryonic 

coelom 


Lateral 
layer of 
mesoderm 


Chorionic villus 


Neural groove 


Somite 



Extraembryonic coelom 







Early Primordia 

16 days 


Amnion 




Endoderm 

Mesoderm 

Ectoderm 













Formation of the Gut Tube and Mesenteries 

18 days 


Sections 





Midgut 
Foregut 


Oropharyngeal 
membrane 


Stomodeum 


Plane of section, fig. to right 

Plane of section, fig. to far right 


Neural tube 


Cut edge 
of amnion 

Cardiac 

area 


Yolk sac 


Dorsal 
mesentery 


Hindgut 


Intraembryonic 

coelom 


Body fold 


Proctodeum 

Cut edge 
of amnion 


Body stalk 
Allantois 


Cut edge of 
amnion 


Extraembryonic 

coelom 


Neural tube 


Splanchnic 

mesoderm 


Dorsal 

mesentery 


Somatic 

mesoderm 

Body fold 

Cut edge of 
amnion 


gut 


Body fold 


Cut edge 
of amnion 


Right division of 
abdominal coelom 


Splanchnic 

mesoderm 

Somatic 
mesoderm 


Yolk sac 


Cut edge 
of amnion 

Body fold 

Left division of 
abdominal 
coelom 

Ventral mesentery 












Formation of the Cut Tube and Mesenteries 

1 month 


Thyroid 

gland 

Pharynx 


Plane of section, fig. to right 
Dorsal pancreas 

Hepatic diverticulum 
Midgut 

Plane of section, 
^✓^fig. to far right 

Hindgut 


noctodeum 



Dorsal mesentery 


Duodenum 


Abdominal 
cavity 


Cut edge 
/of amnion 



Stomodeum 
Cardiac area 


Body 

stalk 


/ 


Yolk stalk 
Yolk sac 


Allantois 


Ventral 

mesentery 

(falciform 

ligament) 


Cut edge 
of amnion 


Neural tube 

Dorsal pancreas 


Neural tube 


Visceral 

peritoneum 


Dorsal 
mesentery 

Midgut 


Abdomina 

cavity 

Parietal 
peritoneum 


/ 



Body fold 

/* 

Cut edge 
of amnion 

Ventral 

mesentery 

(lesser 

omentum) 


Visceral 
peritoneum 

Parietal 
peritoneum 



Anterior 


of amnion 


Persisting edges of 
ventral mesentery 


Posterior 












Foregut, Midgut, and Hindgut 

5 weeks 


Developing right pleuro¬ 
peritoneal membrane 


Arrow passing through right pleural canal 
from abdominal coelom to pericardial coelom 



Esophagus 

Stomach 

Spleen 

Dorsal mesogastrium 
Celiac trunk 


Dorsal pancreas 
Mesoduodenum 
Common bile duct 
Duodenum 

Ventral pancreas 

Superior mesenteric artery 
Dorsal mesentery of mid gut 
Inferior mesenteric artery 
Mesocolon of hindgut 


Ventral mesentery 
(lesser omentum) 

Septum transversum 

Gallbladder 


Liver (cut surface) 


Ventral mesentery 
(falciform ligament) 

Yolk stalk 


Allantoic 

stalk 


Umbilical cord 
Proctodeum 

Cloacal 


Cloaca 










Abdominal Veins 

Hepatic diverticulum in embryo of about 4 mm 



Foregut 

Common cardinal vein 
Heart (atrium) 

Umbilical 
Vitelline vein 
Hepatic diverticulum 
Gallbladder 
Septum transversum 
Vitelline vein 


Umbilical vein 
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Vitelline vein 


Endodermal cells penetrating 
septum transversum to 
surround vitelline veins (v) 


transversu 


Schematic sagittal section 
of septum in 5-mm embryo 


Liver cells from 
diverticulum 


Cells from 
septum 


Hepatic 

diverticulum 


Gallbladder 



Hindgut 




Abdominal Veins 

Development of liver veins 


Gut 



Sinus venosus 


Common 
cardinal veins 

Umbilical veins 

Liver 

Vitelline veins 

Gut 


4.5 mm 



Atrophy of 
entire 
right 
umbilical 
and proximal 
part of 
left 


umbilical 

veins 



Right umbilical 
vein anastomosing 
with liver 
sinusoids, than 
atro 


Pioftimal. 
middle (dorsal), 
and distal 
anastomoses of 
vitelline veins 


Hepatic veins 
(proximal vitellines) 


Portal vein 
formed from 
portions of 
right and left 
vitellines and 
middle 
anastomosis 


5 mm 


Left umbilical vein 
anastomosing with left 
vitelline vein via liver 
sinusoids 


Diaphragm 

Bare area 

Coronary ligament 

Ductus venosus 
[atrophies after bidh) 

Left umbilical 
vein in falciform 
ligament 

Splenic and superior 
mesenteric veins 
joining portal 


9 mm 



6 mm 













Foregut and Midgut Rotations 

6 weeks 



Allantoic stalk 


Stomach rotating 


passing from 
main peritoneal cavity 
into omental bursa 


Dorsal mesogastrium 
bulging to left 


Mesocolon of hindgut 


Dorsal pancreas 
within mesoduodenum 


Ventral pancreas passing 
into mesoduodenum 


Superior mesenteric artery 
within dorsal mesentery 


Cranial limb 
Yolk stalk 


Septum transversurn 

Liver [cut surface) 

Lesser omentum 
Falciform ligament 
Gallbladder 
of primary gut loop 


Extraembryonic coelom 
within umbilical 


Cecum on caudal limb 
of primary gut loop 


Umbilical ring 


Urorectal fold 



Urinary bladder 






Foregut and Midgut Rotations 

8 weeks 


Liver (cut surface) 



Gallbladder 
Falciform ligament 


Yolk stalk 
Allantoic stalk 
Umbilical cord 

Genital tubercle 

Urogenital sinus 
Anus 

Ureter 


Spleen within 
dorsal mesogastrium 
bulging to left to form 
omental bursa 


Pancreas within 
mesoduodenum 

Superior mesenteric artery 
within dorsal mesentery 

Mesocolon 


Colon 


Urinary bladder 


Cecum passing to right above 
coils of small intestine 


Greater curvature of 
stomach rotated 9Q ,J to left 



Rectum 


Urorectal septum 






Merkel's Diverticulum 



Meckel's diverticulum 


Meckel's 
diverticulum 
with fibrous 
cord extending 
to umbilicus 


Fibrous cord 
connecting 
small intestine 
with umbilicus 


Umbilicointestinal 
f stula 


Fibrous cord 

with intermediate cyst 


Umbilical sinus 


■ Fi. 


r i i 
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Lesser Peritoneal Sac 

2 months 



Cut edge of ventral 

(lesser omentum) 


Root of dorsal mesogastrium 


Stomach 


Gallbladder 

Hepatic duct 

Common bile 

Arrow passing into 
developing omental bursa 

Original dorsal 
pancreatic duct 

Original ventral 
pancreatic duct 

Duodenum rotating and 
passing to right 

Pancreas within mesoduodenum 


Spleen 


Jejunum 


Dorsal mesogastrium 
growing ventrocaudally 
(greater omentum) 


Dorsal mesentery of small intestine 


Cy 





Lesser Peritoneal Sac 

2 to 3 months 



Transverse colon 


Septum trahsversum 
Bare area of liver 
Coronary ligament 

Gallbladder 

Falciform ligament 

Stomach 
Umbilical cord 

Umbilical vein 

Greater omentum 
growing ventrocaudally 


Coronary ligament 

Inferior vena cava 

Arrow passing into 
omental bursa 

Portion of pancreas within 
dorsal mesogastrium 
(greater omentum) 

Head of pancreas 
within mesoduodenum 
fused to dorsal wall 

Duodenojejunal 

junction 

Transverse 

mesocolon 

Dorsal mesentery 
of small intestine 



Small intestine 







Introduction to the Retroperitoneal Concept 

3 to 4 months 



Diaphragm 


Bare area of liver 


Coronary ligament 


Coronary ligament 


Inferior vena cava 

Arrow passing through 
epiploic foramen 

Common bile duct 

Portion of pancreas within 
dorsal mesogastrium 
(greater omentum) 

Duodenojejunal junction 
Transverse mesocolon 


Mesentery of 
small intestine 


Cut surface of liver 
Falciform ligament- 

Omental bursa 
Umbilical vein 

Umbilical cord 

Greater omentum 
growing caudally 

Transverse colon 
Small intestine 









Introduction to the Retroperitoneal Concept 

Adult relationships 



Bare area of liver 


Diaphragm 


Coronary ligament 
Cut surface of liver 
Gallbladder 

Lesser omentum 

Falciform ligament 

Stomach 

Ligamentum teres 

Omental bursa 

Greater omentum 

Transverse colon 

Fusion of layers of 
greater omentum (apron) 

Small intestine 


Coronary ligament 
Caudate lobe of liver 

Arrow passing through 
epiploic foramen 

Common bile duct 

Body of pancreas 

Third part of duodenum 
secondarily covered by 
fusion of ascending 
mesocolon to wall 

Fusion of dorsal 
mesogastrium and 
transverse mesocolon 

Root of mesentery 
of small intestine 























Midgut Loop 



IQ weeks 


Triangular fusion of ascending 
mesocolon to dorsal wall 


Root of mesentery of small intestine 
Cecum in final position of rotation 
Vermiform appendix 


Descending colon against 
dorsal abdominal wall 


Coiled small intestine 


Umbilical cord 
Disappearing yolk stalk 


Root of transverse 
mesocolon (right half) 


Ascending colon 


Duodenojejunal 

flexure 


Descending colon 


Quadrangular fusion 
of descending 
mesocolon to dorsal 
wall 


Cecum (continuing to 
rotate after returning 
last to abdominal cavity 
from umbilical cord) 


4 to 5 months 


rans verse colon 
Duodenum 


Left colic flexure 


Root of 
transverse 
mesocolon 
(left half) 


Cut edge of 
mesentery 


Rectum 
Anus 


Root of sigmoid 
mesocolon 


Sigmoid 

colon 


: ’/j 


I(S\ 














Abdominal Ligaments 


Spleen 



Spleen 


Dorsal mesogastrium 


Dorsal mesentery 
splenorenal (lienorenal) 
ligament 


Gut (stomach) 




Gut (stomach) 


Ventral mesogastrium 


Liver 


Ventral 

mesentery 

{hepatogastric 

ligament) 


Primitive configuration 
of abdomen 



Falciform 

ligament 


Configuration of abdominal organs 
and mesenteries after gut rotation 


JDhNAX 

c IBM 






Abdominal Ligaments 



Kidney 

Vena cava 
Peritoneum 
Liver 

Diaphragm 
Body wall 

L esser omentu m 

Hepatogastric 
ligament 

Hepatoduodenal 
ligament 

Epiploic 
foramen 

Duodenum (first 
half) 

Right colic 
(hepatic) flexure 


Gastrocolic 

ligament 


Aorta 


Pancreas 


Spleen 


Lesser sac 


Left colic 
(splenic) 
flexure 


Dorsal 

mesogastnum 

Splenorenal 
ligament 

Gastrosplenic 
ligament 

Ph renocolic 
ligament 

Stomach 


Falciform 

ligament 

Greater 

omentum 
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Abdominal Foregut Organ Development 


Hepatic 

diverticulum 



Foregut 


Dorsal pancreas 

Common 
hepatic Xjj 


Stomach 


Hepatic duct- 

Common blue 

duct —j 

Gallbladder— 

Hepatico* 
pancreatic duct ^ 

Ventral pancreas 


Portal vein 


Gall- 

bladder 

Common bile duct 


Superior 
mesenteric vein 


Dorsal 

pancreas 


Ventral 

pancreas 


Hindgut 


1. Bud formation 


2. Beginning rotation of common 
duct and of ventral pancreas 


Dorsal 

pancreas 


Accessory 
pancreatic duct 
(Santorini's) 

Pancreatic duct 
(Wirsung's) 


Ventral pancreas 


3. Rotation completed but fusion 
has not yet taken place 


4. Fusion of ventral and dorsal 
pancreas and union of ducts 






Development of Pancreatic Acini and Islets 




Formation of acini and islets 
from ducts. A-acint; i-islets in 
various stages of development 




Low-power section of pancreas 
T. Acini, 2. islet 3. interlobular 
septum, 4. interlobular duct 


High magnification: relationship 
of intercalated duct and 
centroacinar cells to acini 


Pancreatic islet 
A(=«-),B (=&-) and D-cells. 

1. reticulum, 2. acini 





Congenital Pancreatic Anomalies 




Nodule on mucosal 
aspect of stomach due to 
aberrant pancreatic tissue 


Annular pancreas 
constricting duodenum 


Reported locations of 
aberrant pancreatic tissue 

1. Duodenum 

2. Stomach 

3. Jejunum 

4. Ileum 

5. Meckel's 
diverticulum 

3. Gallbladder 
7. Splenic capsule [' 

6. Esophagus 


Section through nodule 
of pancreatic tissue in 
gastric submucosa 








Development of the Hindgut 




Allantois 

Genital 

tubercle 

Cloaca 


Cloacal 

membrane 


Mesonephric 

duct 


” Hindgut 
Urorectal fold 


Genital 

tubercle 


Meta nephrogenic 
tissue 

Urogenital sinus 

Metanephric 

duct 


Mesonephric 

duct 

Metanephros 

Paramesonephric 
duct (fused) 

Urorectal fold 


Rectum 


Perineum 










Development of the Hindgut 

Adult rectum and anal canal 



\A 


ir\ 


Transverse 
folds of rectum 
(valves of 
Houston) 


Superior 
Middle 
Inferior 


Peritoneal reflection 


Anorectal line 
Anal columns (Morgagni) 

Deep part* of external 
sphincter muscle 

Superficial part* of external 
sphincter muscle 

Subcutaneous part* of 
external sphincter muscle 

Sweat glands and 
hairs in perineal skin 


. t , ( _ . , Pecten 

"Parts variable and often indistinct 


Anoderm 


Rectal fascia 
Longitudinal muscle layer 

Circular muscle layer 
Muscularis mucosae 
Levator ani muscle 
Anal sinus 

Pectinate (dentate) line 

Internal rectal venous plexus 
in submucous space 

Conjoined longitudinal muscle 
Internal sphincter muscle 
nal valve 
Anal crypt 
Anal glands 

Transverse fibrous septum 
Muscularis mucosae of anal canal 
Perianal space 
Corru gator cutis ani muscle 
External rectal venous plexus in perianal space 

Intersphincteric groove (anocutaneous line) 


Rectosigmoid junction 













Congenital Anomalies 



Situs inversus 


Complete 

situs 

inversus 


Partial 

situs 

inversus 



Duplications 


Locations of alimentary tract 
duplications (‘indicates most 
common sites) 



Base of tongue 
Esophagus* 

extending into thorax from 
duodenum or jejunum 
Stomach 
Duodenum 

Transverse colon (mesenterialized) 
Jejunum 

Cecum or ascending colon 
Ileocecal region 4 
Ileum* 

Sigmoid colon 
Rectum 


Atresia 


Duodenum 23% 




A* 


Colon 5 5% 





Jejunum 14% 


Ileum 50% 


Ileocecal junction 1,5% 


Approximate regional 
incidence (gross) 



Ends connected by 
cordlike structure 










Congenital Anomalies 

Megacolon (Hirschsprung's Disease) 



Tremendous distention 
and hypertrophy of 
sigmoid and descending 
colon; moderate involvement 
of transverse colon; 
distal constricted segment 





Typical abdominal distention 







Summary of Cut Organization 

5 weeks 


Developing right pleuro¬ 
peritoneal membrane 


Arrow passing through right pleural canal 
from abdominal coelom to pericardial coelom 



Allantois 


Umbilical cord 


Proctodeum 


Cloacal 

membrane 


C oaca 


Esophagus 

Stomach 

Spleen 

Dorsal mesogastrium 
Celiac trunk 


Dorsal pancreas 
Mesoduodenum 
Common bile duct 
Duodenum 

Ventral pancreas 

Superior mesenteric artery 
Dorsal mesentery of mid gut 
Inferior mesenteric artery 
Mesocolon of hindgut 


Ventral mesentery 
(lesser omentum) 

Septum transversum 

Gallbladder 


Liver (cut surface) 


Ventral mesentery 
(falciform ligament) 

Yolk stalk 


Allantoic 

stalk 









Development of the Abdominal Wall 

Segmental distribution of myotomes in fetus of 6 weeks 



Occipital (post otic) 
myotomes 


Region of each trunk myotome also 
represents territory of dermatome 
into which motor and sensory fibers 
of segmental spinal nerve extend 


Membranous (otic) 
of inner ear 


Site of local mesenchyme, 
giving rise to all limb muscles 
except those of pelvic girdle 


Thoracic myotomes 


Coccygeal myotomes 


Mesenchymal mass, 
representing 3 preotic 
myotomes of primitive 
vertebrates ■ 

Site of local mesenchyme, 
giving rise to all limb muscles 
except those of pectoral girdle 


Cervical myotomes 


Ventral (hypaxial) 
column of hypomeres 


Dorsal (epaxial) 
column of epimeres 


/ 


Lumbar myotomes 


Sacral myotomes 







Development of the Abdominal Wall 

Developing skeletal muscles at 8 weeks {superficial dissection) 



Orbicularis oculi 
Zygomatic 
Orbicularis oris 

Brachioradialis 

Extensor carpi 
radialis longus 

Extensor digitorum 

Extensor carpi ulnaris 
Flexor carpi ulnaris 
Rectus abdominis 

Tendinous intersection 
Tibialis anterior 
Extensor hallucis longus 
Extensor digitorum longus 

Peroneus longus 


Temporalis 

Masseter 

Deltoid 

Brachialis 

brachii 
Teres minor 

Teres major 
Trapezius 

Serratus anterior 
Latissimus dorsi 

Rib 

External abdominal oblique 

Thoracolumbar fascia 
covering erector spinae 

Developing vertebral 
neural arches 

Quadriceps femoris 
Tensor fasciae latae 
Spinal medulla (cord) 


Gluteus medius 



Biceps femoris 


Femur 


Gluteus maximus 








The Inguinal Region 
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Suprarenal gland 
Kidney 

Suspensory (diaphragmatic) 
ligament (atrophic) 

Testes 

Epididymis 
Gubernaculum 

Deep inguinal 
ring 

Urinary bladder 


TT weeks 

(43-mm crown rump) 


(107-mm crown rump) 


Testis 

Epididymis 

Gubernaculum 


Deep inguinal 
ring 


Cavity of tunica 
vaginalis (cut 
open) 


Superficial inguinal ring 
Ductus deferens 
Scrotum (cut open) 
Epididymis 
Testis 


Gubernaculum 


6-cm crown rump) 






Umblical Hernia 





Midgut at 6 weeks 
in the umbilical cord 


S eptu m tr an s v er s u m Esophagus 


Midgut 
omphalocele 
at birth 


Lesser omentum 
Liver (cut surface) 
Falciform ligament 
Gallbladder 

ftp Cranial limb of primary gut loo 
V Yolk stalk 

Allantoic stalk 

Extraembryonic coelom 
within umbilical cord 

Cecum on caudal limb of primary gut loop 

Umbilical ring 

Urorectal fold 


Liver (cut surface) 

Gallbladder 

Falciform ligament 

Cecum passing to right 
above coils of small intestine 


Yolk stalk 

Allantoic stalk 
Umbilical cord 
Genital tubercle 
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Urinary bladder 


rotating 
Spleen 


Arrow passing from 
main peritoneal cavity 
into omental bursa 

Pancreas within 
mesoduodenum 


Ventral pancreas passing 
into mesoduodenum 


Superior mesenteric artery 
Mesocolon of hindgut 


Urogenital sinus 
Anus 
Urete 


Diaphragm 

Greater curvature of stomach 
rotated 90° to left 

Spleen 

Pancreas within mesoduodenum 
Superior mesenteric artery 
Mesocolon 
Colon 

Urinary bladder 


Midgut at 2 months 
in the umbilical cord 


Rectum Urorectal septum 









Anterior Testis Decent 

Testicular descent 





Cotles 1 fascia 


Superficial (Camper's) fascia 
Scarpa's fascia 
/ External oblique muscle 
Internal oblique muscle 

Transversus abdominis muscle 
Transversals fascia 

Parietal peritoneum 
Testis 


Gubemacsium 


Abdominal position of testis (between parietal 
peritoneum and transversalis fascia) 



Formation of 

processus 

vaginalis 


Testis descends along 
gubernaculum via 
inguinal canal, behind 
processus vaginalis 
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Anterior Testis Descent 

Adult configuration 



Dartos m. 

Colles' fascia 
Ext. spermatic fascia 
Cremaster m. 
int. spermatic fascia 

Tunica vaginalis testis 


Colles 1 fascia 
Epididymis 
Testis 

Scrotum 
Gubernaculum 


Deep inguinal 
ring 


Spermatic cord 


Superficial fascia (Dartos muscle) 

Scarpa's fascia, Colles 1 fascia 
External oblique m (ext. spermatic fascia) 
internal oblique m. (cremaster) 

Transversus abdominis m. (no contribution) 
Transversalis fascia (int. spermatic fascia) 
Parietal peritoneum (tunica vaginalis testis) 


inguinal ligament 


Fused portion of 
processus vaginalis 


Wall of scrotum 
(superficial 
perineal pouch) 
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The Adult Inguinal Region 


su 



Pubic fubeicte 


Ductus (vas) de tone ns 
Cremasteric vessels 

External iliac vessels covered by peritoneum 

Ductus (v*s) deferens covered by peritoneum 

Interior epigastric vessels 

Medial umbilical ligament 
(occluded part of umbilical artery) 

Urinary bladder 

Umbilical prevesical fascia 

Rectus abdominis muscle 

Median umbilical 
ligament (urachus} 


Testicular vessels and genital Extra peritonea I iascia 
branch of genitofemoral nerve (loose connective tissue) 

Testicular vessels i Transversal!, fascia 

covered by peritoneum / } Tqansversus abdominis 

muBcte 

Peritoneum ill Internal oblique 

muscle 

External oblique 
muscle 


Pyiamufelis muscle 
peificial inguinal rings 


Pubic symphysis 
(covered by 
intermingling 
fibers of external 
oblique 
aponeurosrs) 


Anterior superior 
ac spine 

Ongm of internal spermatic 
Ease# from ionsversalis 
bsc« al deep inguinal ring 


Ilioinguinal nerve 
Spermatic cord 


External spermatic fascia 
enveloping spermatic cord 


Falx inguinalis (conjoint tendon) 


Ciemaster muscle 
and cremasteric 
fascia on spermatic cord 

Inguinal ligament (Poupart) 
Intercrunal fibers 


>r 
















Anomalies of the Processus Vaginalis 





¥ 
1 ^IIdM 


Hernia in 
infancy 


Conjoined tendon 


Inguinal ligament 


Ductus deferens 

Obliterated processus 
vaginalis 


Tunica vaginalis 
testis 


1. Normally obliterated 
processus vaginalis 


Relations of deep and 
subcutaneous inguinal 
rings in infancy 


Partially patent 
processus vaginalis 
(small congenital hernia) 


Sac liberated without 
division of external 
oblique aponeurosis 


2 . 


3. Completely patent 
processus vaginalis 








Organization of the Abdominal GI Tract 


ORGANIZATION OF THE ABDOMINAL Gl TRACT 



Foregut 

Midgut 

Hind gut 

Organs 

Stomach 

Liver 

Gallbladder 

Pancreas 

Spleen 

1st half of duodenum 

2nd half of duodenum 
Jejunum and ileum 

Cecum 

Ascending colon 
of transverse 
colon 

Left '/■» of transverse colon 
Descending colon 

Sigmoid colon 

Rectum 

Arteries 

Celiac trunk: 

Splenic artery 

Left gastric 

Common hepatic 

Superior mesenteric: 
Ileocolic 

Right colic 

Middle coEtc 

Inferior mesenteric: 

Left colic 

Sigmoid branches 
Superior rectal 

Ventral 

mesentery 

Lesser omentum 

Falciform ligament 

Co rona ry/1 r i a ngirfa r 
ligaments 

None 

None 

Dorsal 

mesentery 

Gasfrosplenic ligament 
Splenorenal ligament 
Gastrocolic ligament 
Greater omentum 

Mesointestine 

Meso append h 

Transverse mesocolon 

Sigmoid mesocolon 

Motor nerve supply 

Vagus 

Vagus 

Pelvic splanchnic nerves 


® imw 





























THE UROGENITAL SYSTEM 

TIMELINE 


Prenatal Time Scale (Months) 


6—7 weeks 


Major and minor cal ices 
develop. Kidneys begin to 
ascend. Nephrons begin 
to form; they will connect 
to collecting tubules and 
function by 10 weeks. 



10—12 weeks 



In males, primary sex 
cords form seminiferous 
tubules. In females, 
secondary sex cords 
form ovarian follicles. 



Urogenital ridges form from 
the intermediate mesoderm, 
and germ cells migrate from 
the gut wall. Ureteric buds 
have entered the 
metanephric mesoderm. 


The "indifferent" stage 
with identical primordia 
in both sexes. 


8—9 months 




External genitalia 
develop. 


Testes pass through the inguinal 
canal and into the scrotum. 




















Ldriy rnmumid 




Intermediate 

mesoderm 

(Section shown) 
Allantois 


Urogenital 

ridge 1 


■Hindgut 

■Cloaca 

■Cloacal membrane 


Urogenital ridges formed by bulging of intermediate 
mesoderm into coelomic cavity 


Genital ridge (with 
germinal epithelium) 

Nephrogenic 

cord/ridge 



Mesonephric duct forms as 
condensation of mesoderm 


Paramesonephric duct 
forms as invagination of 
visceral peritoneum 


Urogenital ridge differentiates into medial; 
genital ridge and a lateral nephrogenic ridge 
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tariy rrimordia 




Primordial 
nephron drains 
into mesonephric 


Primordial germ cells 
migrate from gut wall into 
genital ridge surrounded 
by epithelial sex cords 

Mesonephric duct- 
Nephrogenic ridge 
Paramesonephric duct' 
Genital ridge 
Allantois — 


Cloaca 


Ureteric bud 


Hindgut 
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Division ot the Cloaca 

Abdominal foregut, midgut, and hindgutat 5 weeks 


Developing right pleuro¬ 
peritoneal membrane 


Arrow passing through right pleural canal 
from abdominal coelom to pericardial coelom 



Mesonephric 

duct 


Esophagus 

Stomach 

Spleen 

Dorsal mesogastrium 
Celiac trunk 


Dorsal pancreas 
Mesoduodenum 
Common bile duct 
Duodenum 

Ventral pancreas 

Superior mesenteric artery 
Dorsal mesentery of midgut 
Inferior mesenteric artery 
Mesocolon of hindgut 


Ventral mesentery 
(lesser omentum) 

Septum transversum 

Gallbladder 

Liver (cut surface) 

Ventral mesentery 
(falciform ligament) 

Yolk stalk 


Allantoic 

stalk 


Umbilical cord 


Proctodeum 


Cloacal 
membrane 


Cloaca 








Division of the Cloaca 


Division of the cloaca by the urorectal septum 


Urogenital sinus and rectum 




Genital 
tuberc 


Cloaca 


C 

membrane 


i 

1 


, Mesonephric 

C * UCt Urinary bladder 
portion of the 
■ Hlndgut urogenital sinus- 


■Urorectal 

fold/septum 


Genital 

t 


Melanephrogenic 
tissue 

Metanephrlc 

duct 


Pe 

portion of 
urogenital sinus 
















Congenita] Cloaca! Anomalies 

Fistulas resulting from the incomplete division of the cloaca 



Rectoperineal 


Rectovestibular 


Rectovaginal 


In 

males 



Rectoperineal 


Rectourethral 


Rectovesical 








Pronephros, Mesonephros, and Metanephros 


Section through pronephros 



Somite Ectoderm 

Intermediate mesoderm (nephrotome) 

Pronephric tubule 

Pronephric duct 

Dorsal aorta 
Glomerulus 
Coelom 

Gut 


Pronephric duct 
forming 



Topography of pronephros, mesonephros, 
and metanephrre primordiurtt 

Foregut 
Hindgut 

Allantois 
Cloacal membrane 

Cloaca 

Section through mesonephros 

Somite 
Dorsal aorta 
Glomerulus 

Posterior cardinal vein 


Mesonephric duct 

Mesonephric tubule 
Genital ridge 
Coelom 

Gut 


Pronephric tubules degenerating 

Mesonephric duct 

Mesonephric tubules in 
nephrogenic tissue 

Ureteric bud (metanephric duct) 
Metanephrogenic tissue 


p 1 


5 







Development of the Metanephros 





Meson ephron 

Mesonephric 
duct 

Hindgut 

Cloacal 
membrane 

Cloaca 


Meta nephrogenic 
tissue 

Metanephric duct 
(ureteric bud) 


Meta nephrogenic 
tissue 


Capsule 

Pelvis 

Major 
calyx 

Minor 
calyx 

Collecting 

ducts 


A. The metanephric duct (ureteric bud) has 
grown out from the mesonephric duct, close 
to termination of latter in cloaca, and has 
invaded the metanephrogenic mesoderm. 



B. Within the metanephrogenic tissue, the 
ureteric bud expands to form a pelvis, which 
branches into calyces, and these, in turn, bud 
into successive generations of collecting ducts. 








Development of the Metanephros 


Proximal 

convoluted tubule 





Distal convoluted tubule 


Macula dens a 


C The distal ends of the collecting ducts connect 
with the tubule system of the nephron developing 
from the metanephric mesoderm. The nephron 
extends from the collecting duct to the renal 
corpuscle. 


Collecting tubule 


Hortle's loop 


D. The tubule lengthens, coils, and begins to dip 
down toward the renal pelvis, as Henle's loop; 
one area of the tubule remains close to the 
glomerular mouth, as the future macula dense. 


E. The loop elongates; renal corpuscle, proximal 
tubule. Henle's loop, distal tubule, and macula 
densa of mature nephron are thus derived from 
meta nephrogenic mesoderm and collecting 
tubules from the metanephric duct. 






















Ascent and Rotation of the Metanephric Kidneys 

Apparent "ascent and rotation" of the kidneys in embryological development 



Urinary bladder 


6 weeks 

Aorta 

Kidney 

(metanephros) 

Renal pelvis 

Umbilical 
artery 

Ureter 



7 weeks 


Aorta 

Kidney 

Renal pelvis 

Umbilical 
artery 

Ureter 


Urinary bladder 



9 weeks 

Kidney 

Renal 
pelvis 

Ureter 


Frontal view 


Frontal view 


Frontal view 



Aorta 
Kidney 

Renal pelvis 
Umbilical artery 


) 



Kidney 


Aorta 


Renal 

pelvis 


Urogenital 
arterial rete 



Aorta 
Renal artery 
Renal pelvis 


Colon 



Cross section 


Cross section 


Cross section 
















Kidney Rotation and Migration Anomalies 

Renat fusion 



Pelvic cake or 
lump kidney 


Horseshoe kidney 


Anomalies of renal rotation 



Ventral position 
of renal pelvis 


Lateral position 
of renal pelvis 






Kidney Rotation and Migration Anomalies 

Ectopia of the kidney 



Right pelvic 
kidney 


Crossed ectopia of the right kidney 












Hypoplasia 



Persistent fetal lobulation 


Left unilateral hypoplasia of the 
kidney with narrow but patent ureter; 
both suprarenal glands present 


Bilateral renal hypoplasia 










Ureteric Bud Duplication 


incomplete duplication of ureter 



Bifid ureter: Duplicated 
ureters unite at variable 
distance between 
kidney and bladder 


Anomalies of renal pelvis and calyces 



Duplicated 
renal pelvis 



Anomalies in number of kidneys 


Supernumerary 
right kidney 









Ectopic Ureters 


Complete duplication of the ureter 


Observed sites of ectopic ureteral orifices 



Uterus 


Trigone 


Cervix 


Bladder neck 


Urethra 


Vagina 


Vestibule 


In the female 


Trigone 


Vas 

deferens 


Bladder 

neck 


Prostatic 

urethra 


Seminal 

vesicle 


Opening of 
left ureter 


Ejaculatory 

duct 


~ Opening of 
ureter from 
right inferior 
renal pelvis 

Opening of 
ureter from 
right superior 
renal pelvis 


The u reter from th e rig ht 
upper pelvis is dilated and 
opens ectopic ally below that 
from the lower pelvis (in the 
prostatic urethra) according 
to the Weigert-Meyer law 





Bladder Anomalies 



Complete sagittal 
septum of bladder 



Incomplete duplication 
of bladder 



Incomplete septum ‘ 
of bladder 



"Hourglass" bladder 
(ureters may enter either 
upper or lower segment) 






Allantois/Urachus Anomalies 



Partially patent urachus; opening 
externally, blind internally 


Partially patent urachus; opening 
internally, blind externally 


Cyst of urachus 


Completely patent 
urachus 




Primordia of the Genital System 



Urinary bladder 
(upper urogenital 
sinus) 


Genital 

tubercle 


Lower urogenital 
sinus (proper) 


Mesonephric 

duct 

Metanephros 

Paramesonephric 
ducts (fused) 

Metanephric duct 

Urorectal fold 

Rectum 

Perineum 


Genital ridge ■ 
(with germinal epithelium) 

Nephrogenic ■ 
cord/ridge 



Mesonephric duct forms 
as condensation of 
mesoderm 

Paramesonephric duct 
forms as invagination of 
visceral peritoneum 
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Urogenital ridge differentiates into medial 
genital ridge and a lateral nephrogenic ridge 











Primordia of the Genital System 



Genital 

tubercle 


Lower urogenital 
sinus (proper) 


Urinary bladder 
(upper urogenital 
sinus) 


Mesonephric 

duct 

Metanephros 

Para mesonephric 
ducts (fused) 

Metanephric duct 

Urorectal fold 

Rectum 

Perineum 


Genital ridge 
(with germinal epithelium) 

Nephrogenic ■ 
cord/ridge 



Mesonephric duct forms 
as condensation of 
mesoderm 

Para mesonephric duct 
forms as invagination of 
visceral peritoneum 



V 
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Urogenital ridge differentiates into medial 
genital ridge and a lateral nephrogenic ridge 












Early Primordia 



Primordial 
nephron drains 
into mesonephric 


Primordial germ cells 
migrate from gut wall into 
genital ridge surrounded 
by epithelial sex cords 


Cloaca 


Ureteric bud 


■Mesonephric duct- 

Nephrogenic ridge- 

Paramesonephric duct' 

Genital ridge- 

Allantois-— 


Hindgut 
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8-Week Undifferentialed (Indifferent) Stage 

Anterior view (mesonephros will disappear in both sexes) 


Undifferentiated 


Gonads 


Mesonephros 


Mesonephric 
(wolffian) ducts 


Para mesonephric 
(mullerian) ducts 


Bladder 
(pulled aside) 


Urogenital sinus 













8-Week Undifferentialed (Indifferent) Stage 

Lateral view (both sexes have identical primordia) 



Mesonephric 

duct 

Metanephros 

Mullerian ducts 
(fused) 

Metanephric duct 
Urorectal fold 
Rectum 
Perineum 


Bladder 


Genital 

tubercle 


Urogenital 

sinus 

proper 




Kidney 


Ureter 


Ductus 

deferens 


Seminal 

vesicle 


Prostate 


Penis 

Scrotal 

swelling 



Urachus 

Uterus 
Bladder 

\^gina 
Urethra 

Clitoris 
Vestibule 


Kidney 


Male 


Female 











Anterior View of the Derivatives 



WA 


IG*\' 


Paramesonephric (mulierian) duct 


Mesonephric tubules 


Mesonephric (wolffian) duct 


Primordium of prostate 
(male) or of Skene's 
(female) glands 


Gubernaculum 
Urogenital sinus 

Primordium of Cowper's (male) or 
of Bartholin's (female) glands 


Suspensory ligament of ovary 
(mesentery with ovarian vessels) 


Gonad 












Anterior View of the Derivatives 


Undifferentiated 



Male 


Seminal vesicle 


Ductus deferens 

Prostatic utricle 

Prostate 

Opening of 
ejaculatory duct 

Bulbourethral 
(Cowper's) gland 

Appendix of epididymis 

Epididymis 

Efferent ductules 

Appendix of testis 

Testis 

Paradidymis 

Gubernaculum 


I 




Female 


Uterine (fallopian) tube 
Broad ligament 

Gartner’s duct (cranial 
mesonephric duct) 

Epoophoron (cranial 

mesonephric dupt) 

: 1 ;. 

Paroophoron (caudal 
mesonephric tubules) 

Vesicular appendix 

Suspensory ligament of 
ovary 

— Ligament of ovary 
Ovary 
Uterus 

Round ligament of uti 
Vagina (upper 4/5) 

Residua of caudal 
mesonephric duct 

V&gina (lower 1/5) 

Urethra 

Paraurethral (Skene's) gland 
Greater vestibular 
(Bartholin's) gland 
Vestibule 








Paramesonephric Duct Anomalies 



Complete septum with double 
uterus and double vagina 



Partial septum 



Rudimentary second vagina without 
external opening, forming cyst 



Double uterus 


Bicornu ate uterus with 
complete septum 
(double cervix) 






Septate uterus 


Partial septum 


Bicornuate 

uterus 


Unicornuate uterus 




Homologues of the External Genital Organs 


45-50 mm 
(~10 weeks) 


External urethral 
orifice 
Gians penis 


Gians area 
Epithelial tag 
Urogenital fold 
Urogenital groove 
Lateral part of tubercle 
Anal tubercle 
Anal pit' 


Male 


Undifferentiated 



-Genital tubercle 




Gians 

Epithelial tag 
Coronal sulcus 
Site of future origin of prepuce 
Urethral fold 
Urogenital groove 

Lateral tubercle 
(corpus, or shaft) 

Labi os c ratal swelling 

Urethral folds partly 
fused (urethral raphe) 

Anal tubercle 


Anus 



Prepuce 

Body (shaft) of penis 


Raphe 
of penis 

Scrotum 


Labia minora 
Vbginal orifice 

Labia majora 


■Perineal raphe—* 

■Perianal tissues (including 
external anal sphincter muscle) 




Female 



45-50 mm 
(~10 w'eeks) 


Body of clitoris 


Gians of 
clitoris 

External 
urethral orifice 


Posterior 

commissure 


Fully developed 


Fully developed 





















Hypospadia and Epispadias 




Glanuiar hypospadia 


Penile hypospadia 


Penoscrotal hypospadia 
(with chordes} 


Scrotal hypospadia 
(bifid scrotum, chordes) 


■¥ 








Gonadal Differentiation 


Undifferentiated stage 



■^—Absence of TDF-^— , XX 

XY 

i—►-Testis-determining—►- 


o 

factor (TDF) 


Female (primitive ovary) 


Male (primitive testis) 




Primary 
sex cords 
(degenerating) 


lomic 
(germinal) 
epithelium 


Odgonia 


Secondary 
sex cord 


Ovum 

nulosa cells 
■ i iwCa cell 


Primary 

sex cords ~ 

Primary [primitive Spermatogonia 

follicle seminiferous 
tubules) 


Medulla 


Tunica 
albuginea 

Tunica vaginalis 


Interstitial cells 


Mesonephric remnants 

(Gartner's duct, epoophoron, paroophoron) 

Cortex 


Ductus epididymidis 


Ductus 


Efferent ductules 


Rete testis 

























Testis, Epididymis, and Ductus Deferens 



Efferent ductules 

ductule (vestigial mesonephric tubule) 
Rete testis (in mediastinum testis) 

Tunica albuginea 
Lobules 

Epididymal duct 


ductule 


Frontal section 

Ductus deferens from mesonephric 
Efferent ductules from mesonephric tubules 
Epididymal duct from mesonephric duct 
Rete testis (in mediastinum testis) 
Aberrant ductule 
Seminiferous tubules from primary sex cords 


1 


Buctus deferens 


Epididymis - 


Head 


Body 


Schema 









Testis, Epididymis, and Ductus Deferens 


Lobules of testis 

Scrotal septum (dartos) 

Septa 

Rete testis 
(in mediastinum testis) 

Ductus deferens 



Skin of scrotum 
Superficial (dartos) fascia 
External spermatic fascia 
Cremaster muscle and fascia 
Internal spermatic fascia 
Parietal layer of tunica vaginalis 

Visceral layer of tunica vaginalis 
albuginea of testis 
of epididymis 
Epididymis 


From 

processus 

vaginalis 



Cross section through scrotum and testis 









Descent of Testis 





4 months 

(107-mm crown rump) 


Testis 

Epididymis 

Gubernaculum 


Deep 

inguinal ring - w 


Suprarenal gland 

Kidney 

Suspensory 
(diaphragmatic) 
ligament (atrophic) 

Epididymis 

Gubernaculum 


Deep inguinal 
ring 


Testes 


Urinary bladder 


It weeks 
(4 3-mm crown rump) 




rev 


Superficial inguinal ring 
Ductus deferens 
Scrotum (cut open) 
Epididymis 
Testis 


Gubernaculum 


8-9 months 
(26-cmcrown rump) 


Cavity of tunica 
vaginalis 
(cut open) 



Ova and Follicles 


Epithelial 
cord 
growing in 


Primary 

ova 


Primordial 

follicles 




Germinal epithelium 
(cuboidal cells) 


Ovum 


Zona pellucida 

_Tunica 

albuginea 

Corona radiata 


Cumulus 

oophorus 


-Cortex 


Fluid-filled 
follicular cavity 

Granulosa 
Theca interna 

Theca externa 


Infant ovary 


Maturing follicle 








Ova and Follicles 

Slaves of ovum and follicle 




Epithelial cord 
growing in 


Primary follicle 


Primordial follicle 


Germinal epithelium 
(cubeidaI cells) 

Blood vessels 
entering ovary 


Corpus albicans 


Mature corpus iuteum 


Luteal ceils 

Blood dot 

Earfy corpus futeum -*• 


Developing follicles 


Mature 

(graafian) follicle 


Ruptured follicle 
(corpus hemorrhagicum) 


Discharged 
ovum 











Summary of Urogenital Primordia and Derivatives 

Undifferentiated 



Gonads- 

Mesonephros 

Mesonephric 
ducts' 

Paramesonephric 

ducts 

Bladder 
(pulled aside) 

Urogenital sinus 



Mesonephric 
duct 

Metanephros 

Paramesonephric 
duct (fused) 

Metanephric 
duct 

Urorectal fold 
Rectum 
Perineum 


Urogenital 

sinus 


Genital 

tubercle 


1 A|®v 


8-week indifferent stage, anterior view' 


8-week indifferent stage, lateral view' 
(gonad not shown) 















Summary of Genital Primordia and Derivatives 



Labi os c rote I 
swelling 


Urogenital fold 

Urogenital 
groove 

Corpus or 
shaft of phallus 


Mesenchyme 

Primary 
sex cords 
Mesonephric 
tubules 



“ Medulla 


0 ' Thickened 
coelomic 
epithelium 

Primordial 
germ cells 
(migrating in) 


- Cortex 


10-week external genitalia primordia 


indifferent gonad developing 
from genital ridge 











Urogenital Primordia and Derivatives 


Female 

Male 

From Iho Urogenital Sinus 

Urinary bladder 

Urethra 

Lower vagina {and vaginal epithelium) 
Vestibule 

Greater vestibular/urethral glands 

Urinary bladder 

Urethra (except navicular fossa) 

Prostate gland 

Bulbourethral glands 

Vestigial: prostatic utricle 

From the Mesonephric Duct and Tubules 

Ureteric bud I rurn mesonephric duct 
forms: 

Ureter 

Renal pelvis 

Major and minor calices 

Collecting tubules 

Efferent ductules 

Duct of epididymis 

Ductus deferens 

Ejaculatory duct 

Seminal vesicles 

Ureter, renal pelvis, calices, and 
collecting tubules 

Vestigial: epoophoron, paoophoron, 
appendix vesiculosa, Gartner's duct 

Vestigial: appendix of testis 

From the Para mesonephric Duct 

Uterine lubes, uterus, upper vagina 

Vestigial: appendix of testis 

Vestigial: hydatid 


e|E!\l 


















Genital Primordia and Derivatives 

GENITAL PRIMORDIA AND DERIVATIVES 


Female 

Male 

From the Genital Tuberde/Phallus 

Clitoris: 

Gians clitoridis 

Corpora cavernosa clitoridis 

Bulb of the vestibule 

Penis: 

Gians penis (and navicular fossa) 
Corpora cavernosum penis 

Corpus spongiosum penis 

From the Urogenital Folds 

Labia minora 

Perineal raphe 

Perianal tissue (and external anal 
sphincter) 

Ventral aspect of penis 

Most of the penile urethra 

Perineal raphe 

Perianal tissue (and external sphincter) 

From the Labioscrotal Folds 

Labia majora 

Scrotum 

From the Indifferent Gonad 

Ovary: follicles from secondary sex 
cords in cortex 

Testis: seminiferous tubules from 
primary sex cords 

Rete testis in medulla 

Vestigial: rete ovarii in medulla 

From the Gubernaculum 

Ovarian ligament 

Round ligament of the uterus 

Gubernaculum testis . 

&I1KM 






















THE MUSCULOSKELETAL SYSTEM 

TIMELINE 


Somites in mature 
gastrula. 


Somite sclerotome 
cells migrate around 
the neural tube. 


Mesenchymal 
condensation for 
appendicular skeleton 
bones. 


Individual muscles 
develop. 


Primary centers of 
ossification expand in 
diaphyses. 


Diaphyses ossified; 
secondary centers of 
ossification begin to 
appear. 


Prenatal Time Scale (Months) 



2 months 



10 weeks 




7 weeks 



*«■ -Jh 

pr I 




Mesenchymal 
precartilage 
condensations appear 
for the axial skeleton. 


Segmental elaboration of 
somite myotomes. 


The limbs rotate to their 
adult orientations. 


Cartilage and membrane 
bones of the skull develop. 























Muscular System: Primordia 

Differentiation of somites into myotomes, sclerotomes, and dermatomes 

Cross section of human embryos 


At 19 days 


Neural groove 



Ectoderm of embryonic disc 


Gut edge of amnion 
Intraembryonic coelom 
Endodenri (roof of yolk sac) 


Ai 22 days 


Neural tube 

Dermo myotome 

Scterotome 
No toe bond 
Mesoderm 



Ectoderm 
Dorsal aortas 

fntFae mbrycmic coelom 
Cut edge of a mo ton 
Endoderm of gut 


At 27 days 


Sclerotome contributions 


At JO days 



Ectoderm 
Spinal cord 
Dorsal aortas 
Posterior cardinal vein 

Mesoderm 

Coelom 


Dermo myotome 


Notochord 


to neural arch 

to vertebral body 
(centrum) 
to costal process 



Note: Sections A, B, and C are at level of 
future vertebral body, but section D is at 
level between developing bodies 

Ectoderm [future epidermis) 

Dermatome [future dermis) 

Myotome 

Notochord (future nucleus pulpo&us) 

Mesoderm 
Mesonephric ktolney 



Spinal cord 

root ganglion 

ntral root of spinal nerve 

Mesenchymal contribution to 
intervertebral disc 

rta 

Posterior cardinal vein 
Dorsal mesentery 




















Muscle and Vertebral Column Segmentation 

Progressive stages in formation of vertebral column, dermatomes, and myotomes 


Vertebral body 

Intervertebral fissure 

Inters eg mental artery 
Segmental nerve 


Ectoderm 

Dermomyotome 

Sclerotome 

Primordium of 
vertebral body 

Notochord 


Inters eg mental 
artery 


Ectoderm 

Dermatome 

Myotome 


Nucleus pulposus 
forming from notochord 


Ectoderm 

Somite 


Myocoele 


Sclerotome 


Notochord 


Inters eg mental 
artery 


Ectoderm (future epidermis) 

Dermatome of subcutaneous 
tissue (dermis) 

Myotome 
Vertebral body (centrum) 


Costal process — 




Nucleus pulposus 

Anulus fibrosus of intervertebral disc 
Vestige of notochord 

Inters eg mental artery 

Segmental nerve a. 




































Mesenchymal Primordia and 5 and 6 Weeks 

Mesenchymal precartilage primordia ot axial and appendicular skeletons at 5 weeks 



Notochord 

Midbrain 
Future pituitary gland 

Forebrain 
Optic vesicle 


Upper limb bone mesenchyme 

Tail 

Body and costal process of 
1st coccygeal vertebra — 

I 
| 

Lower limb bone 
mesenchyme 

Body and costal process of SI 


Scapular mesenchyme 


Body and costal process of T1 


Spinal cord 


Notochord becomes nucleus 
pulposus of future intervertebral 
disc 


Primordia of ribs 


Body and costal process of LI 


Pelvic bone mesenchyme 


Hindbrain 


Parachordal plate of 
chondrocranium from occipital 
somite sclerotomes (forms art of 
the cranial base) 


Body and costal process of Cl 


Precarfilage mesenchymal cell condensations ot appendicular skeleton at 6th week 



Carpals 


Upper limb 


Epidermis 

Radius 


Scapula 


Humerus 



Fibula 


Epidermis 

Tibia 


Metatarsals 


Pubis 

Ilium 

Femur 



Lower limb 







Ossification of the Vertebral Column 

Fate of body, costal process, and neural arch components of vertebral 
column, with sites and time of appearance of ossification centers 

Cervical vertebra 


Transverse process 


Lamina 

Vertebral foramen 
Superior articular process . 

[posterior tubercle 
™j Anterior tubercle 

Transverse foramen 



Pedicle 


Thoracic vertebra 


Spinous process 


Transverse process 
Rib 


Superior articular process 

Pedicle 

Vertebral foramen 

Body 



Spinous process 

Ossification center appears at 9th or 10th week 
Vestige of notochord 

Ossification center appears at 9th or 10th week 
Ossification center appears at 9th or 10th week 


Lumbar vertebra 


Spinous process 
Superior articular process 
Lamina 

Transverse process 
Pedicle 

Vertebral foramen 

Body 



Ossification center appears at 8th or 9th week 
Vestige of notochord 

Ossification center appears at 9th or 10th week 
Ossification center appears at 9th or 10th week 


Vestige of notochord 


4 


1 /vmx 


Ossification center appears at 9th or 10th week 



Sacrum 


Median crest 


Superior articular process 
Sacral canal 


KEY 
f \ Body 

1 Costal process 
Neural arch 


Lateral part (Ala) 


Ossification center appears at 10th week 


Ossification center appears 
at 6th month (prenatal) 


Promontory 


Vestige of notochord 


Ossification center 
appears at 10th week 

















Development of the Atlas, Axis, Ribs, and Sternum 

First and second cervical vertebrae al birth 


A- T st cervical vertebra (atlas) (superior view) 



tubercle 


Superior articular process 

Transverse process_ 

Transverse foramen 


Ossified posterior arch and lateral 
center appears at 7th month 


Site of ossification center for arch 
(center appears at end of 1st year) 




Inferior articular process 


Ossified part of body (center 
appears at 4th month prenatal) 


Ossified part of neural arch (center 
appears at 7th or 8th week prenatal) 


Site of ossification center for dens 
(center appears at 2 to 3 years) 


Transverse process and foramen 


Ossified part of dens, originally part of 
atlas (center appears at 6th month 
prenatal) 


2nd cervical vertebra (axis) (anterior view) 

KEY 

i I Cartilage 

I I Bone 








Development of the Atlas, Axis, Ribs, and Sternum 

Development of sternum 


A* Early mesenchymal stage (6 weeks) B. Late mesenchymal stage (8 weeks) 



.Suprasternal masses 


Clavicle 


.Ossification center 
for clavicle (appears 
at 7th week) 


Sternal bars 


Ossifying clavicle 
Ribs 


C. Cartilage 
stage (9 weeks) 


Sternal angle 
(other sternal joints 
disappear between 
puberty and 25th 
year) 


Costal cartilages 


Manubrium 


Ossification centers for sternebrae 
(appear at 5th to 6th month prenatal) 


Site of ossification center for xiphoid 
process (center appears at 3rd year)' 


Xiphoid process 
(still largely cartilage) 


KEY 


■■ Mesenchyme E . Young adu(lhood 

I Cartilage 
I Bone 


















Bone Cells and Bone Deposition 

Composition of bone 



Mineral (70%) 

Hydroxyapatite (35%) 

Cai0(P°4)6(OH)2 

Bone apatite impure, 
contains high 
concentration of 
carbonate 


Organic 

(30%) 

/\ 


Matrix- 
ps%) 


Collagen ^5%) 

Type I (ctl [I])2ct2 

N oncol la^nous proteins (5%) 

Osteocalcin (bone Gla 
protein), vitamin K 
dependent 
Osteonectin 
Bone proteoglycan 
Bone sialoprotein 

Bone morphogenic protein 
Bone proteolipid 
Bone phosphoprotein 

Hypo mineralized matrix (osteoid) 
Mineralized matrix (bone) 


Osteocytes 
Originate from 
osteoblasts 


Originate from bone 
marrow-derived 
macrophage- 
monocyte line 


Osteoblasts_ 

(Matrix-forming 
cells) Originate 
from mesenchyme 


+ 


Mineral 

(70%) 


small amounts of 
Magnesium 
Sodium 
Potassium 
Fluoride 
Chloride 











Histology of Bone 

Cortical (compact) bone 



Inner circumferential 
lamellae 


Interstitial lamellae 


Periosteum 


rabeculae project 
into central medullary 
(marrow) cavity 


Subperiosteal outer 
circumferential lamellae 


Capillaries in 
havers ian canals 


Perforating fibers 


Periosteal vessels 















Histology of Bone 


Trabecular bone (schematic) 

On cut surfaces (as in sections), trabeculae 
may appear as discontinuous spicules 



Inactive osteoblasts (lining cells) 

Marrow spaces con lain 
hematopoietic cells and 

Osteoclasts (in Howship's lacunae) 

Osteocytes 

Trabeculae 


— Active osteoblasts 


Section of trabecula (schematic) 


Osteoid (hypomineralized matrix) 
Inactive osteoblasts (lining cells) 
Osteocytes 


Osteoclast (in 
Howship's lacuna) 






Osteoid (hypomineralized matrix) 
Active osteoblasts produce osteoid 











Membrane Bone and Skull Development 

Early development of skull 


Chondro cranium 
at 9 weeks 

Criste gain 

Nasal capsule [olfaction) 

Meckel’s cartilage 

Cartilaginous Styloid process 

pharyngeal arch -i Hyoid cartilage 

skeleton 

Thyroid cartilage 
Cricoid cartilage 


Membrane bones 
at 9 weeks 

Frontal hone 
Nasal hone 

Maxilla 

Mandible 



Membrane bones 
at 12 weeks 


Grbitosphenoid (orbital or lesser wing 
of future sphenoid bone) (vision) 

Optic foramen 


Temporal (or greater) wing 
of future sphenoid bone 

Otic capsule (audition) 
Incus 

Malleus 




Nasal bone 


Frontal bone 

Lacrimal bone 
Maxilla 
Zygomatic bone 

Mandible 



Interparietal part of occipital hone 
Zygomatic bone 

Squamous part of temporal bone 
Chondrocrantum 


Site of future anterior fonticulus (fonianelle) 

Site of future coronal suture 
Parietal bone 

Interparietal part of occipital bone 
Greater wing of sphenoid bone 
Chondrocranium 


Squamous part and zygomatic 
process of temporal bone 


Tympanic ring of temporal bone 










Bone Development in Mesenchyme 

Initial bone formation in mesenchyme 


Osteoblasts (from 
mesenchymal cells) 
sending out extensions 


Osteocytes (from 
osteoblasts) 



Extensions of 
osteocytes filling 
canaliculi 


Bundles of collagen 
fibers laid down as 
organic osteoid matrix 


Lacuna 


Mineralized bone 
matrix (organic osteoid 
and collagen fibers 
impregnated with 
hydroxyapatite 
crystals) 


Mesenchymal 

cells 

Reticular fibers in 
extracellular fluid of 
mesenchyme 
























Bone Development in Mesenchyme 

Early stages of flat {membrane or dermal) bone formation 




Capillary 


Periosteum of condensed 
mesenchyme 


Nerve fiber 


Marrow spaces 
(primary osteons) 


Bone trabeculae lined with osteoblasts 


Nerve fibers 


Dense peripheral layer of subperiosteal 
bone surrounding primary cancellous 
bone. Both initially consist of woven bone 


Capillaries in narrow 
spaces 


Trabeculae of cancellous (woven) 
bone lined with osteoblasts 
forming in mesenchyme 








Osteon Formation 

Primary osteon formation in mesenchymal bone development 



Capillary 
Nerve fiber 


Concentric lamellae of developing 

primary osteon 


A* Successive stages in formation 
of primary osteon (haversian 
system) during transformation of 
cancellous to compact bone 
(schematic) 


Osteoblasts lining marrow space of primary osteons 
Progenitor cells 

Woven bone of primary cancellous bone 
Osteocytes 
Cement line 


i ' 




Central (haversian) canal of 
primary osteon with 6 
concentric lamellae 



Osteocyte cell body within lacuna 

Osteocyte cellular extensions 
within canaliculi 

Cement line 


B. Diagram of primary osteon 
(haversian system) with 6 
concentric lamellae (greatly 
enlarged) 


Central (haversian) canal 
containing capillary, nerve fiber, 
and perivascular (progenitor) 
cells and lined with osteoblasts 



















Compact Bone Development and Remodeling 

Growth in width of a bone and osteon remodeling 



Marrow cavity 


Second-generation osteon 
formed in resorbed area of 
original secondary osteon 


Third-generation osteon formed in 
resorbed area of second- 
generation osteon 


t'pll dN 


Continued bone resorption 
occurring at endosteal surface as 
>ne is formed at periosteal surface 


Area of bone resorption 
produced by osteoclastic 
activity of modulated progenitor 
cells of original osteonal canal 
and by osteoclastic activity of 
area osteocytes 


Bone resorption of trabeculae produced by 
osteoclastic activity of endosteum and 
osteolytic activity of trabecular osteocytes 


Eccentric resorption of bone 
to produce successive 
generations of osteons results 
in peripheral shift of osteonal 
capillaries constituting intrinsic 
blood supply of compact bone 


Inner circumferential lamellae laid 
down by endosteal osteoblasts 


Periosteum 


Cement line of secondary 
osteon (haversian system) 


Secondary osteon forming from 
primary osteon by formation of 
concentric lamellae 


Endosteum 


Outer circumferential lamellae laid 
down by periosteal osteoblasts 

Original trabeculae of primary cancellous bone 


Central (haversian) canal containing capillary and 
nerve fiber 

Additional circumferential 
lamellae formed by periosteum 


Remains of concentric lamellae of previous 
osteons and of original trabeculae of primary 
cancellous bone constitute interstitial lamellae 






















Endochondral Ossification in a Long Bone 

Growth and ossification of long hones {humerus, midfrontal sections) 


Canals, containing capillaries, periosteal 
mesenchymal cells, and osteoblasts, passing 
through periosteal bone into calcified cartilage 
(primary ossification center) 


A* At 8 weeks 




Perichondrium 


Proliferating small-cell 
hyaline cartilage 


Periosteum 





Hypertrophic calcifying cartilage 


Thin collar of cancellous periosteal 
membrane bone of diaphysis 



B. At 9 weeks 



Epiphyseal capillaries 


Cancellous 
endochondralbone 
laid down on spicules 
of calcified cartilage 


Primordial marrow 
cavities 



Calcified cartilage 

Epiphysial (secondary) 
ossification center for head 


Outer part of periosteal bone beginning 
to transform into compact bone 

Central marrow (medullary) cavity 


Epiphyseal capillary 



C* At 10 weeks 


D* At birth 






Endochondral Ossification in a Long Bone 

Growth and ossification of long hones {humerus, midfrontal sections) 



Epiphyseal ossification centers for head 
an d g reater tu berc I e / 


Epiphyseal 
ossification 
centers of 
lateral epicondyle, 
medial epicondyle, 
trochlea, and 
capitulum 


Calcified cartilage 


Bone of distal epiphysis 
Anatomical neck V Articular cartilage 


Proximal 
epiphyseal 
growth plate 


Greater tubercle 

Proliferating growth 
cartilage 

Hypertrophic 
calcifying cartilage 

Endochondral bone 
laid down on spicules 
of degenerating 
calcified cartilage' 


Sites of growth 
in length of bone 


Distal 
epiphyseal 
growth plate 


Endochondral bone 
laid down on spicules 
of degenerating 
calcified cartilage 

Hypertrophic 
calcifying cartilage 

Proliferating growth 
cartilage 



of condyles 


Proximal metaphysi 

. § 

Diaphysis; growth 
.!■ in width occurs by 
periosteal bone 
formation 

Distal metaphysis 

Bone of proximal 
epiphysis 


L Articular cartilage 
of head 



F* At 10 years 


E. At 5 years 









Epiphyseal Growth Plate 

Close-up view of developing epiphysis and epiphyseal growth plate 


Epiphyseal artery 


Ossification groove of 
Ranvier 


Perichondral fibrous ring of 
La Croix 


Perichondral artery 


Last intact transverse 
cartilage septum 


Metaphyseal artery 


Periosteum 


Nutrient artery 


, 1 - . 
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■Articular cartilage 


^ - 




Epiphyseal growth plate 
(poorly organized) 
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Cartilage 

Calcified cartilage 
Bone 




































Peripheral Cartilage Function in the Epiphysis 

Peripheral fibrocartilaginous element of growth plate 



Perichondral fibrous ring 
of La Croix (provides 
support) 


Ossification groove of 
Ranvier (provides cells 
for growth in width) 



High-power section shows cells of ossification 
groove of Ranvier apparently "flowing 1 ' into 
cartilage at level of reserve zone, thus 
contributing to growth in width of growth plate. 
Note presence of arterioles (cut-in section) 



Microscopic section (H&E) corresponds 
generally to illustration at left 


Load 



Illustration of how perichondral fibrous ring of La 
Croix acts as limiting membrane and provides 
mechanical support to cartilaginous growth plate 










Epiphyseal Growth Plate 


Zones 

Structures 


Histology 


Secondary bony 
epiphysis 

Epiphyseal 

artery- 


Hypertrophic 

zone 


Metaphysis 


Reserve zone 



Proliferative zone 


Maturation 

zone 


De^nerative 

zone 


Zone of 

provisional 

calcification 


Last intact 
transverse 
septum 

Primary 

spongjosa 

Secondary 

spongjosa 

Branches of 
metaphyseal 
and nutrient 
arteries 


Functions 


» ** 
c * 

* i m 

i *■ ! * 



Matrix production 
Storage 


Matrix production 


Cellular proliferation 
(longitudinal growth) 


P re pa ratio n of matrix 
for calcification 


Calcification of matrix 


Vascular invasion and 
resorption of transverse 
septa 

Bone formation 


Remodeling 
Internal: removal of 
cartilage bars, replace¬ 
ment of fiber bone with 
lamellar bone 
External: funnelization 


Blood 

supply 


Vessels pass 
through, do 
not supply 
this zone 


Excellent 


Progressive 
decrease 


Nil 


Closed 

capillary 

loops 

Good 


Excellent 


P0 2 


Poor (low) 


Excellent 


Fair 


Poor (low) 


Progressive 
decrease 


Poor 

(very low) 


Poor 


Good 


Excellent 




























































Epiphyseal Growth Plate 


Cell (chondrocyte) health 

Cell 

respiration 

Cell 

gjyco^n 




-ii 

Good, active. Much endoplasmic 
reticulum, vacuoles, mitochondria 

Anaerobic 

High 

concentration 

Excellent. Much endoplasmic 
reticulum, ribosomes, mito¬ 
chondria. Intact cell membrane 

Aei 

robic 


High 

concentration 
(less than in 
above) 

4 

up 

Still good 

f 

Progressive 
change to 
anaerobic 

i 

"tiycogen 
consumed 
until depleted 

“1 

Progressive 

deterioration 

r 

\ 

Am 

giy 

t 

aerobic 
co lysis 



i * 

\ IT ' [■ r 

f 

Cell death 

Am 

g'y 

aerobic 
co lysis 

1 

h 

t 

Jil 


i 

Progressive 
reversion 
to aerobic 

? 


i 

As 

f 

s robic 

? 4 


Zones 

Structures 


Histology 


Secondary 
bony epiphysis 

Epiphyseal 

artery 


Reserve zone 



Proliferative zone 


rpertrophic 
zone 


Maturation 

zone 


D generative 
.■ zone 


til 


f J 


Zone of 

provisional 

calcification 


_ nJ* , 


Metaphysis 


Last intact 
transverse 
septum 

Primary 

spongjosa 

Secondary 

spongjosa 

Branches of 
metaphyseal 
and nutrient 
arteries 




























































Epiphyseal Growth Plate 


Zones 

Structures 


Histology 



Secondary 
bony epiphysis 

Epiphyseal 

artery 


Proliferative zone 


Main ration 
zone 


Hypertrophic 
zone 


Degenerative 
J zone 


Zone of 

provisional 

calcification 


Last intact 
transverse 
septum 


Metaphysis 


Primary 

spongjosa 

Secondary 

spongjosa 


Branches of 
metaphyseal 
and nutrient 
arteries 


Gel I (chondrocyte) health 


Cell 

respiration 


Cell 

glycogen 



Anaerobic 


Good, active. Much endoplasmic 
reticulum, vacuoles, mitochondria 



Aerobic 


Excellent. Much endoplasmic 
reticulum, ribosomes, mito¬ 
chondria. Intact cell membrane 



Progressive 
change to 
anaerobic 


Still good 


Progressive 

deterioration 


t 

Anaerobic 

glycolysis 


l 


♦ 

* 4 

‘ * 


Anaerobic 

glycolysis 


+ 

Cell death 


Progressive 
reversion 
to aerobic 


Aerobic 


High 

concentration 


High 

concentration 
[less than in 
above) 


Glycogen 
consumed 
unfit depleted 


t 

Nil 



























































Eqiphyseal Growth Plate 


Zones 

Structures 


Secondary bony 


Histology 


Exemplary diseases 


Defect (if known) 


epiphysis 

Epiphyseal 
artery 






Reserve 

zone 



Proliferative 

zone 


Hypertrophic 
zone 


Maturation 

zone 


Degenerative 

zone 


Zone of 
provisional 
calcification 


Metaphysis 


Last intact 
tnanverse 
septum 


Primary 

spongjosa 


Secondary 

spongjosa 


Branches of 
metaphyseal 
and nutrient 
arteries 


Diastrophic dwarfism. 

(also, defects in other zones) 

Pseudoachondroplasia. 

(also, defects in other zones) 

Kniest syndrome. 

(also, defects in other zones) 


Defective type II collagen synthesis 

Defective processing and transport of proteoglycans 

Defective processing of proteoglycans 


Gigantism . 

Achondroplasia . 

Hypochondroplasia. 

Malnutrition, irradiation. 

injury, glucocorticoid excess 




Increased cell proliferation (growth hormone increased) 

Deficiency of cell proliferation 

Less severe deficiency of cell proliferation 

Decreased cell proliferation and/or 
matrix synthesis 


Mucopolysaccharidosis.Deficiencies of specific lysosomal acid hydrolases, 

(Morquio's syndrome, Hurler's with lysosomal storage of mucopolysaccharides 
syndrome) 



Rickets, osteomalacia. 

also, defects in metaphysis) 


Insufficiency of Ca2 + and/or Pj 
for normal calcification of matrix 



Metaphyseal chondrodysplasia.Extension of hypertrophic cells into metaphysis 

(Jansen and Schmid types) 


Acute hematogenous . Flourishing of bacteria due to sluggish circulation, low 

osteomyelitis , P 02 , reticuloendothelial deficiency 


Osteopetrosis . Abnormality of osteoclasts (internal remodeling) 

Osteogenesis imperfecta. Abnormality of osteoblasts and collagen synthesis 

Scurvy.Inadequate collagen formation 


Metaphyseal dysplasia .Abnormality of tunnelization 

(Pyle d i sea se) (exte rna I re mode I i ng) 
























































Ossification in the Newborn Skeleton 

Skeleton of fuZI-lerm newborn 

Time of appearance of ossification centers {primary unless otherwise indicated) 



Anterior fonticulus (fontanelle) — 
Coronal suture — 
Frontal bone (9th week) - 
Nasal bone (9th week) — 
Lacrimal bone (1 2th week) 
Ethmoid bone (1 2th week) 
Sphenoid bone (1 2th week) 
Maxilla (9th wee 
Zygomatic bone (9th week) 
Mandible (9th week) 

Center for hyoid bone (36th wee 


Scapula (8th week) 
Humerus (8th week) 
Sternum (8th to 9th week) 

Radius (6th week) 

Ulna (8th week) 
Carpal cartilages 
Metacarpals (9th week) 

Phalanges (3th to 11th week) 


Ilium (8th wee 
Ischium (16th week) 
Pubis (16th week) 

Patella (3rd to 6th year) 
Center for talus (24th week) 
Metatarsals (9th to 1 Oth week) 
Phalanges (9th to 15th week) 
Center for calcaneus (1 2th week) 


Coxal 

bone 


Parietal bone (1 2th week) 

Sphenoid fonticulus (fontanelle) 
Squamosal suture 
Temporal bone (9th week) 

Mastoid fonticulus (fontanelle) 
Occipital bone (9th week) 

Styloid process 
Intervertebral foramen 

Clavicle (7th week) 

Secondary proximal epiphyseal 
center of humeral head (36th week) 

Ribs (8th to 9th week) 


Intervertebral disc 


Superior vertebral epiphysis 

Vertebral body 

Triradiate cartilage 

Large femoral head articulating 
with shallow acetabulum (2nd and 
6 th month postnatal) 


Pubic symphysis 
Femur (7th week) 


Secondary distal epiphyseal 
center of femur (36th week) 

Secondary proximal center of 
tibia (36th week) 


Tibia (8th week) 
Fibula (8th week) 
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Cartilage (rudiment 
of bone) 

Perichondrium 


Precartilage 
condensation of 
mesenchyme 


Joint capsule 


Circular cleft (joint cavity) 


Site of future joint 
equity (mesenchyme 
becomes rarified) 


Perichondrium 


Cartilage 


Periosteum 


Articular menisci 


Articular disc 


Epiphyseal cartilage 
growth plate 


Epiphyseal bone 


Joint capsule 


Synovial membrane 
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Joint cavity 


Articular cartilages 


Joint cavities 


Joint cavity 


Epiphyseal bone 


Joint Development 

Development of three types of synovial joints 


Example: 

interphalangcal joint 


Example: 
knee joint 


Example: 

stern o cl avi cu I ar j o i n t 



















Muscular System: Primordia 

Differentiation of somites into myotomes, sclerotomes, and dermatomes 

Cross section of human embryos 


A119 days 


Somite 
Mesoderm 
Noioc hold 


Neural groove 



Ectoderm of embryonic disc 


Gut edge of amnion 
fntraembryonic coelom 
Endodenu (roof of yoJK sac) 


At 22 days 


Neural tube 
Dermomyotome 
Sclerotome 

Notochord 

Mesoderm 



Ectoderm 
Dorsal aortas 

Intraembryonic coelom 
Cut edge of ammon 
Endoderm of gut 


At 27 days 


Sclerotome contributions 


At 30 days 



Dermomyotome 


to neural arch 

to vertebral body 
(centrum) 
to costal process 


Notochord 


Ectoderm 
Spinal cord 
Dorsal aortas 
Posterior cardinal vein 

Mesoderm 

Coelom 



Note: Sections A, B, and C are at level of 
future vertebral body, but section D is at 
level between developing bodies 

Ectoderm (future epidermis) 

Dermatome (future dermis) 
Myotome 

Notochord {future nucleus pulposus) 

Mesoderm 
Mesonephric kidney 



Spinal cord 

Dorsal root ganglion 

Ventral root of spinal nerve 

Mesenchymal contribution to 
intervertebral disc 

Aorta 

Posterior cardinal vein 
Coelom 

Dorsal mesentery 















Segmentation and Division of Myotomes 

Segmental distribution of myotomes in fetus of 6 weeks 



Occipital (postotic) 
myotomes 


Ventral (hypaxial) 
column of hypomeres 


Local mesenchyme gives 
rise to all limb muscle 
connective tissue 


Thoracic myotomes 


¥ 


Region of each trunk myotome also represents 
territory of dermatome into which motor and 
sensory fibers of segmental spinal nerve extend 


Membranous (otic) 
labyrinth of inner ear 


Mesenchymal mass 
representing 3 preotic 
myotomes of primitive 
vertebrates 


Cervical myotomes 


Local mesenchyme gives 
rise to all limb muscle 
connective tissue 


Dorsal (epaxial) 
column of epimeres 


Coccygeal myotomes 


Sacral myotomes 


Lumbar myotomes 





Epimere, Hypomere, and Muscle Groups 

Somatic development 



Dorsal root 
Ventral root — 


Epaxial muscles 
Dorsal ramus 


Ventral ramus-— 

Posterior division 
Anterior division . 


Hypaxial 
musdes 
(extensors of 
limb) 


Hypaxial muscles 
(flexors of limb) 

Hypaxial muscles 
(flexors of arm, 
and shoulder} 



Posterior cutaneous nerve 


Epaxial musdes 


Dorsal ramus 


Ventral ramus 


Hypaxial muscles 
in thoracic and 
abdominal wall 


Lateral cutaneous nerve 


Anterior cutaneous nerve 


Motor neuroblasts form 
primitive axons and enter 
skeletal muscle of body wall 


Somatic nervous system innervates somatopteure (body wall) 
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Development and Organization of Limb Buds 


Limb buds in 6-week embryo 



Apical ectodermal 
ridge 


Zone of polarizing 
activity 


Early craniocaudal morphological 
differentiation is determined by a 
gradient of sonic hedgehog produced 
by the zone of polarizing activity 
(ZPA) 1 a signaling center at the 
caudal end of each limb bud. The 
ZPA also stimulates the formation of 
the apical ectodermal ridge. 


Mesenchymal 
bone precursor 


Flexor 

muscle 


Ant. division 
nerve 


Extensor 

muscle 


Preax ial compartment 


In upper 
extremity: 
Cephalic vein 
Pol lex (thumb) 
Radius 


In lower 
extremity: 

Greater saphenous 
vein 

Hallux (big toe) 
Tibia 


Fostaxial compartment 


In upper 
extremity: 
Basilic vein 
Ulna 


Post, 
division nerve 


In lower 
extremity: 
Lesser saphenous 
vein 
Fibula 


Jn the classic model of proximodistal 
morphological determination, the apical 
ectodermal ridge interacts with the 
underlying mesoderm of the progress zone 
to establish a time sequence of 
differentiation as the limb elongates. More 
recent evidence indicates that the 
morphological information may be 
programmed early on in the mesenchyme 
with no particular role for the ectoderm. 



JtaM compartment 

Flexor muscles 
Anterior division nerves 


Dorsal compartment 

Extensor muscles 
Posterior division nerves 
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Rotation of the Limbs 

Changes in position of limbs before birth 



At 5 weeks. Upper and lower limbs have 
formed as Unlike appendages pointing 
laterally and caudally 



At 6 weeks. Limbs bend anteriorly, so 
elbows and knees point laterally, palms and 
soles face trunk 




At 7 weeks. Upper and lower limbs have 
undergone 90-degree torsion about their 
long axes, but in opposite directions, so 
elbows point caudally and knees cranially 



! j A 




At 8 weeks. Torsion of lower limbs 
twisted or "barber pole" arrangement of their 
cutaneous innervation 





Limb Rotation and Dermatomes 

Changes in ventral dermatome pattern (cutaneous 
sensory nerve distribution) during limb development 


Upper limb 


At 4 weeks 


Lower limb 
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Preaxial border^ 
Upper limb 

Postaxial border ■ 
Preaxial border 

Lower limb 
Postaxial border 




C7 Gff 


C8 


Tl 
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At 5 wkeeks 


At 7 wkeeks 


Thumb 


Preaxial 

border 


Palmar 

surface 




Thumb 


Preaxial 



i t 


M 

Tl 


Big toe 


border 


Dorsal surface 
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12 

Si 


At 8 weeks 






Embryonic Plan of the Brachial Plexus 

Comparison of embryonic limb organization to the plan of the brachial plexus 


5 roots (ventral rami 
of spinal nerves) 




Dorsal scapular 
nerve (C5) 


To phrenic 
\ nerve 


Suprascapular 
nerve (C5, 06) 


To subclavius 
muscle (05, 06) 


Superior 


Posteri 


Anterior division 
Posterior division 


3 trunks 


Oontribugtion from 
.Dorsal ramus 


3 anterior divisions 
3 posterior divisions 


3 cords 


Terminal 

branches 


Musculocutaneous nerve 
(05, 06, 07) 


Axillary nerve (05, 06) 


Radial nerve (05, 06, 07, 

08, T1) 

Median nerve (05, 06, 07, 

08, T1) 


Ulnar nerve (07, 08, T1) 

Inconstant contribution 


Lateral pectoral nerve 
(05, 06, 07) 


Contribution from T2 

To longus colli and scalene 
muscles (05, 06, 07, 03) 

1st intercostal nerve 
Long thoracic nerve (05, 06, 07) 


1st rib 

Medial pectoral nerve (03, T1) 

Medial cutaneous nerve of arm (T1) 

Medial cutaneous nerve of forearm (08, T1) 
Upper subscapular nerve (05, 06) 

Thoracodorsal (middle subscapular) nerve (06, 07, 03) 
Lower subscapular nerve (05, 06) 














Divisions of the Lumbosacral Plexus 



nerve of thigh 


Intercostal nerve (Til) 
Subcostal nerve (T12) 
Iliohypogastric nerve (T12, LI) 
Ilioinguinal nerve (LI) 

To psoas major and psoas minor muscles 
Genitofemoral nerve (LI, L2) 

Lateral cutaneous nerve of thigh (l_2, L3) 

Genital branch 
and Femoral branch 
of genitofemoral nerve 


Lumbosacral trunk 

Nerve to quadratus femoris (and 
inferior gemellus)(L4, L5, SI) 

Nerve to obturator internus(and 
superior gemellus) (L5, SI, S2) 

Superior gluteal nerve (L4, L5, SI) 
Nerve to piriformis (SI, S2) 

Obturator nerve (L2, L3, L4) 
Accessory obturator nerve (L3, L4) (inconstant) 

Inferior gluteal nerve (L5, SI, S2) 
Femoral nerve (l_2, L3, L4) 
Sciatic nerve 

Posterior cutaneous nerve of thigh (SI, S2, S3) 

Pudendal nerve (S2, S3, S4) 

Common fibular (peroneal) nerve 
Sciatic (L4, L5, SI, S2) 

nerve — 

Tibial nerve (L4, L5, SI, S2, S3) 


'XA 




To psoas major and iliacus muscles 


Anterior branches 
and Lateral branches 
of subcostal and 
iliohypogastric nerves 


Pelvic splanchnic nerves 
Perforating cutaneous nerve (S2, S3) 

erve to levator ani and coccygeus (S3, S4) 

erineal branch of 4th sacral nerve 

Anococcygeal nerves 
Obturator nerve 

Inferior anal (rectal) nerve 
Dorsal nerve of penis/clitoris 

Perineal nerve and Posterior scrotal/labial branches 


Sacral plexus 


Coccygeal plexus 


Anterior division 
Posterior division 


Sympathetic trunk 


Lumbar plexus 





















Developing Skeletal Muscles 

Developing skeletal muscles at 8 weeks {superficial exposure) 



Fibula 

Biceps femoris Femur 


t external 

oblique 

Thoracolumbar fascia 
covering erector spinae 

Developing vertebral 
neural arches 

Quadruceps femoris 

Tensor fasciae latae 

Spinal cord 

Gluteus medius 

Gluteus maximus 




Brachioradialis 
Orbicularis oculi 
Zygomaticus 
Orbicularis oris 


Extensor carpi radialis 
longus 


Extensor digitorum 

Extensor carpi ulnaris 
Flexor carpi ulnaris 

Rectus abdominis 

Tendinous intersection 

Tibialis anterior 

Extensor hallucis longus 
Fibularis peroneus longus 
Extensor digitorum 

I I Extensor compartment 
muscles innervated by 
posterior division nerves 

■ B Flexor compartment muscles 
innervated by anterior division 
nerves (not as visible in this view) 

IBM Muscles innervated by ventral or dorsal 
spinal nerve rami or cranial nerves 


ralis 
Masseter 

Deltoid 


Brachialis 


brachii 
minor 
major 
Trapezius 
Serratus anterior 
Latissimus dorsi 







HEAD AND NECK 

TIMELINE 

Prenatal Time Scale (Months) 


Blastocys 


The pharyngeal 
arches are appearing, 


Pharyngeal arch tissues 
migrate and differentiate. 
Nasal sacs (primitive 
nasal cavity) are about to 
communicate with the 
stomodeum. 


Secondary palate is complete 
and fused to the nasal septum. 
Eyelids are temporarily fused. 
Ossification is occurring 
throughout the s k uH. E namel 
organs of deciduous teeth are 
forming 


3—4 weeks 



6—7 weeks 





8—10 weeks 



4—5 weeks 



Lens. nasal T and otic placodes 
are beginning to invaginate. 
Pharyngeal arches are 
approaching full development. 
Oropharyngeal membrane is 
disintegrating. 


7—8 weeks 



Auricle is present. Primary palate is 
fused, but the secondary palate is not 
yet completed. Most nerves, muscles, 
glands, and mesenchymal skeletal 
dements are in place. 


Newborn 

Viscerocramurrvface is small 
compared with neurocranium/brain. 

Bony sinuses are very small. 

Auditory tube and pharynx are 
short. Soft palate and epiglottis 
overlap when soft palate is pulled 
down against the tongue. 
















Ectoderm, Endoderm, and Mesoderm 

Lateral view (3 to 4 weeks) 



1.0 mm 




Stomodeum 


1st pharyngeal elevation 
(future mandibular arch) 


: v 




Otic placode 


1st cervical somite 


Cardiac prominence 


2nd pharyngeal elevation 
(future hyoid arch) 


Forebrain 


Left optic vesicle 







Ectoderm, Endoderm, and Mesoderm 

Sagittal section (3 to 4 weeks) 



(surrounds brain) 


Oropharyngeal membrane 


Foregut 


Future thyroid gland 


Forebrain 
(neural tube) 


Anterior neuropore 

Stomodeum 
Future thoracic wall 
Fleart 

Pericardial coelom 
Amnion 


Extraembryonic coelom 


:i 4 


l('j\ 


Future brain ventricle 


Rathke's pouch 


Ectoderm 


Neural crest mesenchyme 


Future lung bud 


Midgut 

Future liver 

Yolk sac wall 












Ectoderm, Endoderm, and Mesoderm 

Lateral view (4 to 5 weeks) 


h*- 


3.0 mm 


■H 



Auditory vesicle from otic placode 




I(S\ 


Pharyngeal arches 










Ectoderm, Endoderm, and Mesoderm 

Somites and somilomeres <6 weeks) 





I(S\ 


Thoracic somite myotomes 


Membranous (otic) 
labyrinth of inner ear 


Occipital (postotic) 
somite myotomes 


Cervical somite 
myotomes 


Mesenchyme from 
preotic somitomeres 





Pharyngeal (Branchial) Arches 

Embryo at 4 to 5 weeks 
Lateral View 


H-“3.0 mm --■*- 



(mandibular) arch 













Pharyngeal (Branchial) Arches 

Phciryn^'al pouches and aortic arch arteries 

Lateral View 



1st aortic arch 
internal carotid artery 

Maxillary process 
(part of 1st arch) 




Oropharyngeal membrane 
Sto 

1st pharyngeal 
Thyroid diverticulum 


Ventral aorta 


1st pharyngeal pouch 
1st pharyngeal groove 

2nd pharyngeal pouch 

2nd pharyngeal groove 

4th aortic arch 

6th aortic 
(pulmonary) arch 

Left dorsal aorta 
Pulmonary artery 
Laryngotracheal ridge 

Esophagus 

Trachea 

Bronchial buds 



Truncus arteriosus 







Ventral and Midsagittal Views 

Embryo at 4 to 5 weeks 


Ventral view 


Frontal prominence 


Nasal placode 


Maxillary process 
(of 1st arch) 


1st pharyngeal arch 


2nd pharyngeal arch 


3rd and 4th 
pharyngeal arches 



Plane of sagittal section 
shown in sagittal section 


Left optic vesicle 


Oropharyngeal membrane 
(disintegrating) 


1st pharyngeal groove 








Ventral and Midsagittal Views 

Embryo at 4 to 5 weeks 


Sagittal section 



\\A 


cHAJ 


Infundibulum (posterior lobe) 
Rathke's pouch (anterior lobe)! 


Pituitary gland 


1st pharyngeal pouch 

Oropharyngeal membrane 
(disintegrating) 


Nasal 

placode 


1st pharyngeal arch 


Thyroid diverticulum 


Hypothalamus of brain 


Frontal 

'ominence 


Esophagus 
Bronchial bud 

Laryngotracheal ridge or groove 
Pharynx 



Fate of the Pharyngeal Pouches 

Embryo at 4 to 5 weeks 
Pharynx {ventral view) 



Pharyngeal pouches - 


IV 
Trachea 


Right bronchial bud 


Splanchnic mesoderm of 
ventral foregut (lung stroma) 


Oropharyngeal membrane 
(disintegrating) 


Stomodeum 


Thyroid diverticulum 


Pharyngeal membrane 
(endodermal wall of 2nd 
pharyngeal pouch makes direct 
contact with ectodermal wall of 
2nd pharyngeal cleft) 


Laryngotracheal ridge 


Left bronchial bud 


Esophagus 










Fate of the Pharyngeal Pouches 

Emhryo at 4 to 5 Weeks 
Pharynx {anterior view of left side) 



Foramen cecum of tongue 


PhAruruneal rauitv 


Tongue 


Laryngotracheal ridge (future la 


Thyroid f Right la,sral lobe 
gland -|_ Isthmus 


Trachea 


1st pharyngeal pouch (future 
auditory tube and middle ear) 


pharyngeal pouch (future 
supratonsiUar fossa) 

3rd pharyngeal pouch 

Parathyroid III (future inferior 
parathyroid gland) 

Thymus 

4th pharyngeal pouch 

Parathyroid IV (future 
superior parathyroid gland) 

Ultimobranchial body 
(future C cells of thyroid 
gland) 

Esophagus 



Midsagittal View of the Pharynx 

Sagittal section at 5 to 6 weeks 




Esophagus 




Midsagittal View of the Pharynx 

Sagittal section at 8 to 10 weeks 



Palate (lateral palatine 
process contribution) 


Thyroid cartilage (4th arch) 


Broken line indicates position 
of right choana (posterior naris) 


Ostium of auditory tube 


Superior concha 


Lobule of middle 
concha 


Inferior concha 


Palate (medial palatine 
process contribution) 


Tongue 


Hyoid cartilage (2nd arch) 


Meckel's cartilage (1st arch) 


Tonsillar fossa 
Epiglottis 

Arytenoid cartilage 
Ventricle of larynx 

Right vocal fold 

Junction of pharynx 
and esophagus 

Cricoid cartilage 
(6th arch) 






Fate of the Pharyngeal Grooves 

Lateral view at 6 to 7 weeks 


Embryo at 6 to 8 weeks 


f*- 7,0 mm-*4 




Oral opening 








Fate of the Pharyngeal Grooves 

Lateral view at 7 to 8 weeks 


Embryo at b to 8 weeks 






Pharyngeal Groove and Pouch Anomalies 



Source 


1st pharyngeal pouch _ 


_Pharyngeal fistula 

1 st pharyngeal groove^-! External acoustic meatus 


1 st and 2nd 
pharyngeal arches 


2nd pharyngeal pouch— 


Ventral pharyngeal wall- 


3rd pharyngeal pouch 
2nd pharyngeal pouch 

4th pharyngeal pouch 
Ventral pharyngeal wall 
3rd pharyngeal pouch 


3rd pharyngeal pouch — 


Auditory tube 
Tympanic cavity 
Eardrum 


Parathyroid gland 
Persistent cord of thymus 
Common carotid artery 
3rd pharyngeal pouch -pharyngeal fistula 


J Auricle 
Nasopharynx 
Soft palate (velum) 
Oropharynx 

S u praton sil la r fossa 
Epithelium of palatine tonsil 
Tongue (cut) 

Foramen cecum 
Persistent thyroglossal duct 
Hyoid bone (cut) 


-pbenant parathyroid gland 

-_Pharyngeal fistula 

Parathyroid gland IV 

_Ultimobranchial body 

Pyramidal and lateral 
lobes of thyroid gland 


Manubrium of sternum 
Aberrant parathyroid gland 
Thymus gland 
Heart 

































Pharyngeal Arch Nerves 



Otic 

vesicli 


Heart 

bulge 


Ophthalmic division of 
trigeminal nerve (VI) 

Sensory for orbit, 
lose, and forehead 


t)tic ganglion 
(V3) 

Ciliary 
ganglion 
(VI) 


Pterygopalatine 
ganglion (V2 ) 

Lens 
placode 


Optic cup - 

Submandibular 
ganglion (V3) 


Head 

mesenchyme 


Preotic somitomeres 

A 


Postotic somites 

A 


Olfactory 

placode 


Accessory 
nerve XI 
relates to 
somitic 
mesenchyme 
by arch 6 


VIII 


Chorda tympam 


Taste to ant. 2/3 of 
tongue and 
parasympathetic to 
salivary glands 


Pharyngeal arches and their nerves: 


; | Arch 1-trigeminal nerve (V) 

Maxillary part of arch 1-maxillary nerve (trigeminal, V2) 
Mandibular part of arch 1-mandibular nerve (trigeminal, V3) 

f I Arch 2-facial nerve (VII) 
i | Arch 3-glossopharyngeal nerve (IX) 

;_] Arch 4-vagus n. (X) 

f 1 Arch 6-vagus n. (X) 


Tympanic nerve 

Visceral sensory for 
middle ear and 
parasympathetic for 
parotid gland 


Parasympathetic and 
viseral sensory branch 
from X for foregut and 
midgut 
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Sensory Innervation Territories 

What the sensory nerve territories would be if the embryonic pattern of the 

pharyngeal arches were retained 


Lateral view at 8 to 10 weeks Sagittal section at 8 to 10 weeks 

H- 24.0 mm -H 



Cranial nerves: 

i i Trigeminal (VI)-Arch 1 
(maxillary) 

i i Trigeminal (V2)-Arch 1 

(mandibular) 

i 1 Facial (Vll)-Arch 2 

[ l Glossopharyngeal-Arch 3 

C_□ Vagus (X)-Arches 4 and 6 







Sensory Innervation Territories 

What the sensory territories actually are 




i--24.0 mm- h 


Philtrum of 
upper lip 


Adult 


Oral cavity 

Dorsal rami and pharynx 
of cervical 
pinal nerves 

Auricular branch of 
vagus to external 
meatus and small 
area on 
posteromedial 
surface of auricle 


Branches from 
cervical plexus 


Cranial nerves: 

i-1 Trigeminal (VI)- 

Arch 1 (maxillary) 

L — * Trigeminal (V2)- 
Arch 1 
(mandibular) 

l=l Facial (Vll)-Arch 2 

I-1 Glossopharyngeal- 

Arch 3 

Vagus (X)-Arches 
4 and 6 



















Early Development of Pharyngeal Arch Muscle 

Origins and innervations of pharyngeal arch and somite myotome muscles at 5 weeks 



Vestibulocochlear (VIII) n. 

Facial (VII) n. 

Trigeminal (V) n. 

Trochlear (IV) m 

Oculomotor (III) n. 

Abducens (VI) m 
Eye muscle masses 

Muscles of mastication mass 
(in 1st pharyngeal arch) 

Muscles of facial expression 
mass (in 2nd pharyngeal arch) 

Tongue muscle mass 

Stylopharyngeus muscle mass 


Otic vesicle 

Glossopharyngeal (IX) n. 
^gus (X) n. 

Accessory (XI) m 
Roots of 

hypoglossal (Xil) n. 

Pharyngeal and 
laryngeal muscle mass 

Sensory ganglion of Cl 

Trapezius and 
sternoc I ei d omastoi d 
muscle mass 

Sensory ganglion of C4 

Anterior neck muscle mass 
Phrenic n. 

Diaphragm muscle mass 
Septum transversum portion of diaphragm 








Early Development of Pharyngeal Arch Muscle 

Origins and innervations of pharyngeal arch and somite myotome muscles at 6 weeks 



Vestibulocochlear (VIII) n. 
Oculomotor (III) n. 
Trigeminal (V) n 
Trochlear (IV) n. 

Facial (VII) n. 
Abducens (VI) n. 

Eye muscle mass 
Masticatory muscle mass 
Tongue muscle mass 
Facial muscle mass 

tylopharyngeus muscle mass 
Anterior neck muscle mass 


Otic vesicle (inner ear 
labyrinth) 

Glossopharyngeal (IX) n. 
Vbgus (X) n. 

Accessory (XI) n. 

Roots of hypoglossal 
(XII) n. 

Cl 

Stern oc I ei d omastoi d 
muscle mass 

Trapezius muscle mass 

C5 


Pharyngeal and 
laryngeal muscle mass 

Phrenic n. 

Diaphragm muscle mass 



Developing diaphragm 







Later Development of Pharyngeal Arch Muscles 

Superficial muscles 



Occipitofrontalis (frontal belly) 

Orbicularis oculi 
Procerus 

Nasalis 

Levator labii su peri oris 
Zygomatic us mm. 

Orbicularis oris 

Buccinator 
Mentalis 

Depressor labii inferioris 
Depressor anguli oris 
Mylohyoid 

Digastric (anterior belly) 
Sternohyoid 
Sternothyroid 


Epicranial aponeurosis 
(galea aponeurotic a) 

Temporalis 

Auricularis mm. 

Occipitofrontalis (occipital 
belly) 

Masseter 
Styloid process 
Stylohyoid 

Digastric (posterior belly) 
Thyrohyoid 
Stern oc I ei d omastoi d 
Prevertebral fascia 
Trapezius 
Omohyoid 

Clavicle 

Platysma (mostly 
removed) 










Later Development of Pharyngeal Arch Muscles 

Deep muscles 



Part of lateral pterygoid m. arising 
from lateral pterygoid lamina 

Extrinsic eyeball mm. 

Pterygomandibular raphe 

Part of buccinator arising from raphe 

Tongue 
Genioglossus 
Mandible 
Geniohyoid 
Hyoglossus 

Hyoid bone 
Thyroid cartilage 

Inferior pharyngeal constrictor 

Cricothyroid 


Tensor veli palatini 

veil palatini 
Eardrum 

Superior pharyngeal 
constrictor 

Styloid process 

Stern oc I ei d omastoi d 

Splenius capitis (epaxial 
Carotid sheath 

Scalene mm. (hypaxial) 

Levator scapulae 
(hypaxial) 

Trapezius 
Stylopharyngeus 

Styloglossus 
Middle pharyngeal constrictor 



Trachea 


Esophagus 
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2nd pharyngeal 
arch territory IT 


Stapes 

loid process 
Stylohyoid ligament 


3rd pharyngeal 
arch territory 


Greater horn of 
hyoid cartilage 


Meckel's 

cartilage 


Incus 
Malleus 

Future sphenomandibular ligament 
Portion mandibular bone surrounds 

Lesser horn of hyoid cartilage 
Upper half of hyoid body 

Lower half of hyoid body 


Thyroid 

cartilage 


PHARYNGEAL ARCH BONES AND CARTILAGE 


6th pharyngeal 
arch territory i—i 

Cricoid 

cartilage 


Pharyngeal Arch Cartilages 

Embryo at 7 to 8 weeks 
Cartilage primordia 


1st pharyngeal 
arch territory 


Arch # 

Derivatives of Arch Cartilages 

i 

Malleus, incus, sphenomandibular ligament 

2 

Stapes, styloid process, stylohyoid ligament, upper half of hyoid 

3 

Lower half and greater horns of hyoid 

4 

Thyroid and epiglottic cartilages of larynx 

fi 

Cricoid, arytenoid, and corniculate cartilages of larynx 














Ossification of the Skull 


Chondrocranium at 9 weeks 



Optic foramen 

Greater wing of 
sphenoid bone 

Otic capsule (audition) 
Incus 

Malleus 


Pharyngeal arch 
mesenchyme for 


Orbitosphenoid (orbital, 
or lesser, wing of future 
sphenoid bone) (vision) 

Crista galli 

Nasal capsule (olfaction) 

Meckel's cartilage 
Styloid process 
Hyoid 

Thyroid cartilage 
Cricoid 


Cartilaginous 
pharyngeal 
arch skeleton 


Membrane bones at 9 weeks 



Frontel bone 


Nasal bone 


Maxilla 


Mandible 


i 




Interparietal part of 
occipital bone 


Chondrocranium 


Squamous part of 
Zygomatic temporal bone 
bone 





viscerocranium 

Head 

mesenchyme for 
neurocranium 

Cartilage from 
pharyngeal arches 
for viscerocranium 
and neck cartilages 

Cartilage from 
somite 

sclerotomes and 
neural crest 
anteriorly for base 
of neurocranium 


Intramembranous 
ossification (both 
from neural 

crest) 


Endochondral 

ossification 
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Ossification of the Skull 

Membrane bones at 12 weeks 



Frontal bone 
Nasal bone 
Lacrimal bone 
Maxilla 

Zygomatic bone 

Mandible 


Site of future anterior 
fonticulus (fontanellej 

Site of future coronal suture 
Parietal bone 

Interparietal part of occipital bone 
Greater wing of sphenoid bone 

Chond roc rani urn 

Squamous part and zygomatic 
process of temporal bone 

Tympanic ring of temporal bone 




Pharyngeal arch 
mesenchyme for 
viscerocranium 


Head mesenchyme for 
neurocranium 


“ Intra membra nous 
ossification (both from 
neural crest) 


Cartilage from 
pharyngeal arches for 
viscerocranium and 
neck cartilages 



Cartilage from somite 
sclerotomes and neural 
crest anteriorly for base 
of neurocranium 


” Endochondral 
ossification 














Ossification of the Stull 



parietal bone 


Palatine bone 


Vomer 


Occipital bone 

— Basilar part 


Occipital condyle 


Sphenoid bone 

Pterygoid process 
Medial plate 
Lateral plate 
Greater wing 


Temporal bone 

Zygomatic process 
Articular tubercle 

Mandibular fossa 

Styloid process 

External acoustic 
meatus 

Mastoid 

Petrous part 


Foramen magnum 


Superior nuchal line 


External occipital 
protuberance 




L6?\ 


Zygomatic bone 


Frontal bone 


Maxilla 


Palatine process 
Zygomatic process 








Premature Suture Closure 



Scaphocephaly due to sagittal 
craniosynostosis 



Limitation of growth of coronal sutures 



Brachycephaly due to 
coronal craniosynostosis 
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Cervical Ossification 

Fate of body, costal process, and neural arch components of cervical and thoracic 
vertebra, with sites and time of appearance of ossification centers 


Cervical vertebra 


Spinous process 
Lamina 

Vertebral foramen 
Superior articular process 

Transverse posterior tubercle 
process J Anterior tubercle 

Transverse foramen’ 



Ossification center appears 
at 9th or 10th week 

Vestige of notochord 


Ossification center appears 
at 9th or 10th week 


Pedicle 


Body 


KEY 



Body 

Costal process 
Neural arch 



Ossification center appears 
at 9th or 10th week 


Spinous process 
Lamina 

Transverse process 
Rib 

Superior articular process 

Pedicle 

Vertebral foramen 

Body 


Ossification center 
appears at 8th or 9th 
week 


Vestige of notochord 


Ossification center appears 
at 9th or 10th week 



Thoracic vertebra 












Cervical Ossification 

First and second cervical vertebrae at birth 


T st cervical vertebra (atlas) (superior view) 



Superior articular process 
Transverse process - C 


Transverse foramen 




Posterior tubercle 


Ossified posterior arch and lateral 
mass (center appears at 7th month 
prenatal) 


Site of ossification center for arch 
(center appears at end of 1st year) 


Ossified part of neural arch (center 
appears at 7th or 8th week prenatal) 

Transverse process and foramen 
Inferior articular process 



Site of ossification center for dens 
(center appears at 2 to 3 years) 

Ossified part of dens, originally part of 
atlas (center appears at 6th month 
prenatal) 

Ossified part of body (center 
appears at 4th month prenatal) 


2nd cervical vertebra (axis) (anterior view) 


Key 

I Cartilage 
i Bone 










Torticollis 



Mass in neck within sternocleidomastoid muscle 
often referred to as sternocleidomastoid tumor. 
This earliest manifestation of congenital muscular 
torticollis regresses, to be followed by contracture 


¥ 

1 ^IIdM 


Child with muscular 
torticollis. Head tilted to 
left with chin turned 
slightly to right because 
of contracture of left 
stern oc I ei d omastoi d 
muscle. Note facial 
symmetry (flattening of 
left side of face) 


Untreated torticollis in 5*year-old boy. 
Thick, fibrotic, Eendonlike bands have 
replaced sternocleidomastoid muscle, 
making head appear tethered to clavicle. 
Two heads of left sternocleidomastoid 
muscle prominent 


V 





Cervical Plexus 

The cervical plexus and hypoglossal nerve in a 5- to 6-week embryo 



Phrenic nerve 


innervation of muscle masses of tongue, 
neck, and diaphragm (lateral view) 


My el encephalon (future 
medulla oblongata) 

Spinal cord 

Myotome of 1st 
cervical somite 

Sensory ganglion of 
1st cervical nerve 

Superior root of 
ansa cervicalis 

Inferior root of 
ansa cervicalis 

Ansa cervicalis 


4th cervical nerve 


Hypoglossal 
(XII) nerve 


Lingual muscle mass 
(future tongue) 


Infrahyoid muscle 
mass (future so-called 
strap muscles) 


Diaphragmatic 
muscle mass 

Septum transversum 
(future anterior portion 
of diaphragm) 



Cervical plexus: schema 


Hypoglossal nerve (XII) 


To geniohyoid muscle 
To thyrohyoid muscle 

Communication to vagus 
Transverse cervical nerves 


To longus capitis and 
longus coli muscles 


To scalene and levator 
scapulae muscles 


¥ 


Accessory nerve (XI) 

Great auricular nerve 
Lesser occipital nerve 


To rectus capitis lateralis, 
longus capitis and rectus 
capitis anterior muscles 


To omohyoid muscle (superior belly) 

Ansa TPivinlis-puperior root 
Ansa ceracalis-|||^ er j or roo j 


To sternothyroid muscle 
To sternohyoid muscle 
To omohyoid muscle (inferior belly) 

_ Supra clavicular ne 

Note: 

S - 5 Gray ramus from superior 
cervical sympathetic ganglion 
























Orbit 


Optic vesicle 



-Surface ectoderm 

Neuroectoderm- 
(forebrain) 
Mesenchyme 
Optic cup — 


Lens placode 


Early eye develops as neuroectodermal outpouching 
(optic vesicle) of primitive forebrain and thickening of 
adjacent surface ectoderm (lens placode) 


Lens vesic 

Hyaloid 
artery 


Eyelid 

primordia 



Mesenchymal 
condensation 
forms outer layers 
of globe (cornea 
and sclera) 

Hyaloid artery 


Inner layer of 
optic vesicle 
(visual retina) 


Internal 
carotid artery 



Optic stalk 
Optic cup 


Lens placode invaginates to form the lens vesicle. The optic 
vesicle invaginates to form a double layered optic cup that 
surrounds the lens vesicle and hyaloid vessels 


Anterior 

chamber 


Outer layer of optic vesicle 
(pigmented retina [epithelium]) 


Hyaloid vessels 
regress priorto 
birth 



Orbicularis oculi 
(2nd pharyngeal 
arch) 

Conjunctiva 
(surface 
ectoderm) 


Corneal 
epithelium 
(surface 
ectoderm) 

Cornea 

(mesenchyme) 


Anterior chamber 
Lens (surface ectoderm) 
Iris (neuroectoderm) 


Visual retina 
(neuroectoderm) 


Fusion of visual retina and 
pigmented retinal epithelium 



Extraocular muscles 
(preotic somitomeres) 
Sclera (mesenchyme) 

Choroid 
(mesenchyme) 


Pigmented retina (epithelium) 
(neuroectoderm) 


Optic nerve 
(neuroectoderm) 
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Ear Development 



Pharyngeal 

pouch 


Future 

tubotympanic 

recess 


Otic 

placode 


Invaginating 
pit 


Days 




Utricular 

region 


Day 30 


Endolymphatic 

appendage 


Otic vesicle 


Day 2H 


Tubotympanic 

recess 


Saccular 

region 


Ossicular 
condensations 


Developing 

external 

auditory 

meatus 


Mesial 

plug 
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Ear Development 


CN VII 

rCNVIll (cochlear) 

1 CN VIII (vestibular) 




Endolymphatic 
sac 


uditory 
tube 


Developing semicircular 
canals 

-CN VII 

Stapes 
Incus 
Malleus 

Tympanic cavity 
Meatal plug 

External 
auditory 
meatus 
Saccule 
Ductus 
reuniens 

CN VII 

CN VIII 
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Endolymphatic sac 


Semicircular canals 
Anterior 
Lateral 

Posterior 


Cochlear 

duct 


, Incus 
^Malleus 


Tympanic 

membrane 


Term Appearance Tympanic 

cavity 













Adult Ear Organization 

Bony and membranous labyrinths: schema 



Dura mater 

Endolymphatic sac 

Endolymphatic duct in 
vestibular aqueduct 

Utricle 
Saccule 

Helicotrema of cochlea 
Ductus reunions 
Scala vestibuli 
Cochlear duct 

Scala tympani 
Cochlear aqueduct 

Otic capsule 
Vestibule 

Pharyngotympanic 
(auditory) tube 


Ampullae 


Anterior semicircular 
canal and duct 


Posterior semicircular 
canal and duct 


Common bony and 
membranous limbs 

Lateral semicircular 
canal and duct 


Otic capsule 

Stapes in oval (vestibular) 
window 


Incus 


Malleus 


Tympanic cavity 


External acoustic meatus 


Umbo 


Tympanic membrane 


Round (cochlear) window 
(closed by secondary 
tympanic membrane) 


Inner ear from otic 
placode/otocyst 


Middle ear 
from 1st 
pharyngeal 
pouch 


External ear 
from 1st 
pharyngeal 
groove 

















Adult Ear Organization 

Section through turn of cochlea 



Osseous spiral lamina 
Nerve fibers 

Modiolus of cochleus 
Spiral ganglion 

Scala lympani 
Cochlear nerve 


vestlbuli 

Vestibular (Reissner's) 
membrane 

Cochlear duct 

Spiral ligament 

Tectorial membrane 
Spiral organ (Corti) 

Basilar membrane 
Osseous cochlea 

Outer hair cells 
Pillar (rod) cells 



Inner hair cell 













Summary of Ear Development 

Primordia of the outer, middle, and inner ear 



1st pharyngeal 
groove 


Otocyst from the 
otic placode 


Ostium of right auditory tube leading to the 
middle ear cavity and mastoid air cells (ail 
from 1st pharyngeal pouch) 



From the 1st 

pharyngeal 

groove 


From the 1st 

pharyngeal 

pouch 




1st pharyngeal 
groove 


Arch 1 and 2 
mesenchymal 
nodules that 
will merge to 
form the 
auricle of the 
ear 



1st pharyngeal 
arch territoryrn 


Incus 

Malleus 


¥ 
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2nd pharyngeal 
arch territory !!□ 


Stapes 





Cranial Nerve Primordia 



Otic 

vesicle 


Heart 

bulge 


Ophthalmic division of 
trigeminal nerve (VI) 

Sensory for orbit, 
nose, and forehead 


Otic ganglion 

(V3) 

Ciliary 
ganglion 
(VI) 

Pterygopalatine 
ganglion (V2) 

Lens 
placode 


Preotic somitomeres 

x 


Postotic somites 

A_ 


Optic cup 


Submandibular 
ganglion (V3) 


Olfactory 

placode 


Chorda tympani 

Taste to ant. 2/3 of 
tongue and 
parasympathetic to 
salivary glands 


Accessory 
nerve XI 
relates to 
somitic 
mesenchyme 
by arch 6 


Pharyngeal arches and their nerves: 

1 l Arch 1-trigeminal nerve (V) 
Maxillary part of arch 1- 
maxillary nerve (trigeminal, V2) 
Mandibular part of arch 1- 
mandibular nerve (trigeminal, V3) 
Pretrematic branch- 

_ ophthalmic nerve (trigeminal, VI) 

■__I Arch 2-facial nerve (VII) 

Pretemnatic branch-chorda tympani 
I 1 Arch 3-glossopharyngeal nerve (IX) 
Pretrematic branch-tympanic nerve 


Arch 4-vagus n. (X) 
Arch 6-vagus n. (X) 


Tympanic nerve 

Visceral sensory 
for middle ear and 
parasympathetic 
for parotid gland 


Parasympathetic and viseral 
sensory branch from X for 
foregut and midgut 
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Somite primordia and their nerves: 

Preotic somitomeres-oculomotor nerve (III), 

trochlear nerve (IV), 
abducens nerve (VI) 

Postotic somites-hypoglossal nerve (XII) 
Somitic mesenchyme-accessory nerve (XI) 


Ectodermal structures and their nerves: 

Olfactory placode-olfactory nerve (I) 

Optic cup-optic nerve (II) 

Ot i c pla code-ve st i bu lococh lea r ne rve (VI11) 

















Parasympathetic Innervation and Unique Nerves 



Chorda tympani 

Taste to ant. 2/3 of 
tongue and 
parasympathetic to 
salivary glands 


Heart 

bulge 


Ciliary ganglion for pupil constrictor and ciliary 
muscle (for visual accommodation) 

P re synaptic pa rasym pathetics: oculomotor nerve (III) 
Postsynaptic pa rasym pathetics: short ciliary nerves (VI) 

Ophthalmic division of trigeminal nerve (VI) 
Sensory for orbit, nose, and forehead 


Pterygopalatine ganglion for lacrimal gland and 
mucosa of nasal cavity and palate 

Presynaptic pa rasym pathetics: greater petrosal nerve 
(VII) and nerve of the pterygoid canal 

Postsynaptic pa rasym pathetics: zygomatic, greater and lesser 
palatine, posterior lateral nasal, and nasopalatine branches of 
V2 


Accessory nerve XI 
relates to somitic 
mesenchyme by arch 6 


Otic 

vesicle 


Otic ganglion for parotid salivary gland 

Presynaptic pa rasym pathetics: tympanic (IX) 
and lesser petrosal nerves 

Postsynaptic pa rasym pathetics: 
auriculotemporal nerve (V3) 


Submandibularganglion for submandibularand 
sublingual salivary glands 

Presynaptic pa rasym pathetics: chorda 
tympani (VII) 

Postsynaptic pa rasym pathetics: 
lingual nerve branches (V3) 


Tympanic nerve 


Visceral sensory for 
middle ear and 
parasympathetic for 
parotid gland 


Parasympathetic and viseraI 
sensory branch from Xforfbregut 
and midgut 
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Development of the Face: 3 to 4 Weeks 


Lateral view 


[< - 1.0 mm - ^ 












Development of the Face: 3 to 4 Weeks 


Lateral view 


Anterior neuropore 


Stomodeum 


Cardiac prominence 



Forebrain 


1st pharyngeal elevation 
(future mandibular arch) 


2nd pharyngeal elevation 
(future hyoid arch) 






Development of the Face: 3 to 4 Weeks 


Sagittal section 


Future brain ventricle 



Extraembryomc coelom 


Oropharyngeal 

membrane 


Foregut 

Future thyroid 
gland 


Future thoracic wall 


Pericardial coelom 


Anterior 

neuropore 


Future 

lung 

bud 


Raihke's pouch 


Ectoderm 


Forebrain 
(neural tube) 


Midgut 


sac wall 









Early Development of the Face: 4 to 6 Weeks 


Lateral view at 4 to 5 weeks 


Ventral view at 4 to 5 weeks 




3.0 mm 


Frontonasal process 


1st pharyngeal groove 


Maxillary process 
of 1st arch 


Lens 
placode 

N 

placode 


Stomodeum 


Cardiac 

prominence 


jib__ 


Auditory vesicle 

2nd pharyngeal cleft 


1st cervical somite 
(myotome portion) 


Nasal placode 


Maxillary process 
of 1st arch 


1st pharyngeal 
arch (mandibular 


2nd pharyngeal 

3rd and 4lh 
pharyngeal grooves 


4th pharyngeal arch 

3rd pharyngeal arch 

2nd pharyngeal arch 
1st pharyngeal arch 


3rd and 4th 
pharyngeal 
arches 


Left optic 
vesicle 


Oropharyngeal 

membrane 

(disintegrating) 


1st pharyngeal cleft 















Early Development of the Face: 4 to 6 Weeks 




Lateral view at 5 to 6 weeks 


Ventral view at 5 to 6 weeks 


4.0 mm 


Pharyngeal arches 3 and 4 




-mx 


Left eye 


Nasal pit 


Frontonasal 
process 


Medial nasal 
prominence 


Lateral nasal 
rominence 

Maxillary 
process of 
1st arch 

st 

pharyngeal 
rch 

(mandibular 
part) 


2nd 

pharyngeal 

arch 


3rd and 4th 
pharyngeal arches 
(sites of future 
laryngeal cartilages) 


Location of auditory vesicle 
(future membranous 
labyrinth of inner ear) 


Right 


1st cervical somite 
(myotome portionjgg 


1st 

pharyngeal 

groove 


Right 
nasal pit 


Cardiac 

prominence 


Nasolacrimal 
groove 

Maxillary 
process of 
1st arch 


1st pharyngeal 
arch 

2nd pharyngeal arch 


Nasolacrimal 

groove 


Stomodeum 


1st pharyngeal 
groove 


Site of future 
hyoid 








Later Development of the Face 


Lateral view at 6 to 7 weeks 


Ventral view at b to 7 weeks 


i** 


7.0 mm 


l 


Left eye 1 st ph a ry ngea I g roove 


Nodules that will 
merge to form 



auricle of ear 


2nd 

pharyngeal 

arch 


3rd and 4th 
pharyngeal 
arches in 
cervical 
sinus 


Opening 
of left 
nasal sac 


Nasolacrimal 

groove 


Hepatic 

prominence 


Cardiac 

prominence 


1st pharyngeal 
arch 


Oral opening 

Maxillary 

process 


Arm bud 



Opening of right nasal 
sac (future naris) 


Maxillary 
process of 1st 
arch 


arch 


1st pharyngeal 
cleft (future 
external acoustic 
meatus) 

2nd 

pharyngeal 
a 


Site of future 
hyoid bone 


Intermaxillary 
segment (interior part 
of primitive or primary 
palate and nasal 


Medial nasal 

Lateral nasal 
prominence 

Nasolacrimal 

groove 

Oral opening 

Nodules that 
merge to form 
auricle of ear 


3rd and 4th pharyngeal 
arches in cervical sinus 
(sites of future laryngeal 
cartilages) 






Later Development of the Face 


Ventraf view at 7 to 8 weeks 


Philtrum of upper lip 
(fusion of medial nasal 
processes) 



Site of nasolacrimal groove (fusion of 
lateral nasal and maxillary processes) 

Site of fusion of medial nasal and 
maxillary processes (site of cleft lip) 

Auricle of ear 




10.0 mm 


H 


I-*- 24.0 mm - -h 




Lateral nasal 
prominence 

Medial nas 
prominence 



Fused eyelids 


Philtrum of 
upper lip 

Auricle of ear 


Lateral view' at 7 to 8 weeks 


Lateral view at 8 to 10 weeks 







Palate Formation 


Sagittal section at 5 to b weeks 


Sagittal section at 6 to 7 weeks 


Stomodeum 
Oronpsal membrane 


Rathke's pouch 


Opening of 1 st pharyngeal 
pouch (future auditory tube) 


Nasal pit (sac) 


Primary 

palate 



0 ra j Lateral palatine process 
cavity (secondary palate) 


Qronasal membrane 


Openings of 2nd, 3rd, and 
4th pharyngeal pouches 


1 &t pharyngeal arch 
Tongue (cut surface) 


Foramen cecum ol tongue 
($iie of origin of Ihyroid gland) 


Epiglottis 


Primary palate 
(median palatine 
process) 

Right nasal sac 
Mas ilia ry fold 
Ethmoid fold 


Laryngotracheal 
groove opening 
(glottis) 


Trachea 



Esophagus 


Rathke's pouch 

Foramen cecum of 
tongue 

Opening of 1 st 
pharyngeal pouch (future 
auditory lube) 

Openings of 2nd, 3rd, 
and 4th pharyngeal 
ouches 

Epiglottis 


1 st pharyngeal arch 

Tongue (cul surface) 



Arytenoid swelling 
Ihai borders 
laryngeal opening 
(glottis) 


Esophagus 
Trachea 











Palate Formation 


Sagittal section at 7 to 8 weeks 


Sagittal section at 8 to 10 weeks 



Olfactory bulb 


Right cerebral 
hemisphere 


Axons of nerve cells passing from 
olfactory epithelium of nasal cavity to 
olfactory bulb 

Ethmoid fold 

Maxillary fold 

Ostium of auditory tube 

Right lateral 
palatine process of 
econdary palate 


Supreme conchae I and II 

Superior concha 

Lobule of 
middle concha 

Inferior 
concha 


Cut surface of 
ue 


Epiglottis 

Pharynx 
Larynx 


Broken line indicates position of 
right choana (posterior naris) 

Ostium of auditory tube 

Palate (secondary 
palate contribution) 

Tonsillarfossa 

Epiglottis 

Arytenoid 
cartilage 

Ventricle 
of larynx 


Right 
vocal fold 


cartilage 


Primary palate 

Hyoid cartilage 

Meckel's cartilage 

Thyroid cartilage 


Esophagus 


Palate 
(primary 
palate 
contribution) 

Tongue 

Meckel's cartilage 
Hyoid cartilage 

Thyroid cartilage 


Junction of 
pharynx and 
esophagus 


Cricoid cartilage 


Trachea 



Tracheal cartilage 











Interior View of Palate Formation 


Roof of slomodeum 
(inferior view; U to 7 weeks) 


Opening of right nasai sac 

Right eye 

Primitive or primary palate 
(median palatine process) 

Oronasa! membrane (primitive 
posterior naris or choana) 

Roof of stomodeum (base of skull) 


Palate formation 
(inferior view; 7 to 8 weeks) 



Philtrum of upper lip (fusion of medial 

nasai processes) 


Primary palate (median palatine process) 


Definitive nasal septum 
Mucosa covering base of skull 


Roof of oral cavity 
(inferior view; 8 to 10 weeks) 


Broken lines border area formed from 
nasomedial processes and primitive or 

primary palate 

Medial palatine process (primary palate 
contribution to definitive palate) 


Lateral palatine process (secondary 
palate contribution to definitive palate) 


Arrow emerging from choana 
(posterior naris of right nasal cavity) 


Frontal area 

Medial nasal process 
Lateral nasal process 

Nasolacrimal groove 
Definitive nasal septum 
Maxillary process of 1st arch 


Lateral palatine process 
(secondary palate) 


Opening of Rathke's pouch 



Left naris 


Site of fusion of medial nasal and 
maxillary processes (deft lip site) 


Primitive posterior nans or choana 
(former site of oronasal membrane) 


Left lateral palatine process 


Site of evagination of Rathke's pouch 



Left naris 
Upper lip 
Gingiva (gum) 

Paiatine raphe (cleft paiate site) 
Palatoglossal arch 
Palatopharyngeal arch 

Uvula 






v- 


X 
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Congenital Anomalies of the Oral Cavity 


Unilateral cleft lip- 
partial 



Unilateral cleft of 
primary palate- 
complete, involving 
lip and alveolar ridge 



Bilateral cleft lip 



Partial cleft 
of palate 




Complete cleft of 
secondary palate 
and unilateral cleft 
of primary palate 


Ankyloglossia- 
restricted tongue 
movement from a 
short lingual 
frenulum 




Torus palatinus-bone 
deposition on palate 





Floor of the Oral Cavity 


Floor of oral cavity and pharynx 
(superior view; 5 to fr weeks) 


Floor of oral cavity and pharynx 
(superior view; 6 to 7 weeks) 




Lower lip portion of 1 st 
pharyngeal arch 

Foramen cecum 


£nd pharyngeal 
arch 
(diminishes) 


3rd and 4th 
pharyngeal 
aches 


Lateral lingual 
swelling 

Tuberculum 
impar 


— Future anterior 
two-thinds of 
tongue 


Median sulcus 
of tongue 


t &t pharyngeal 
arch 

Future posterior 
one-third of tongue 

Epiglottis 


Tuberculurrr 

impar 

Foramen 

cecum 

EpagtotiiB 


Future lingual tonsil 
(posterior portion ol 
tongue arc hes 3 and 4) 


Glottis 


Lower lip portion of 
mandibular (I st 
pharyngeal) arch 

Lateral lingual 
swelling 

Future sulcus 

terminals 


Laryngotracheal groove 
opening (glottis) 


Arytenoid 

swelling 


Arytenoid swelling 


Oral cavity and fauces (Jit weeks) 

Upper lip 
Incisive papilla 
Transverse folds of hard palate 

Outline of elevated epiglottis 
behind soft palate 

Palatopharyngeal a rah 

Palatine tonsil 

Palatoglossal arch 

Median glossoepiglottic fold 

Foramen cecum 

Sulcus terminals 

Median lingual sulcus 

Fill farm an d fungiform 
papillae 


Left naris 



Frenulum 

Gingiva (gum) covering deciduous teeth 
Palatine raphe 
Uvula 


Left cleft formed by midline elevated 
la lynx dividing isthmus faucium into two 
canals (Newborn can breathe with 
larynx locked in nasopharynx while milk 
flows through faucial clefts) 

Left vallecula 

Lingual tonsil of posteriorone 
third of tongue 

Vallate papillae 

Foliate papillae 

Gingiva (gum) covering 
deciduous teeth 




Lower tip 








Developmental Cross Sections 

Frontal {coronal) section at 7 to 8 weeks 



Right olfactory bulb 


Axons of olfactory nerve 
cells of mucosa of 
septum and ethmoid fold 

Ocular muscles 

Eyeball 
Vitreous body 
Maxilla 

Right lateral palatine 
process of secondary 
palate 

Meckel's cartilage 

Submandibular salivary 

gland 

Hyoid cartilage 
Thyroid cartilage 
Cuneiform cartilage 
Corniculate cartilage 


m 


Left cerebral hemisphere 
Left lateral ventricle 

Ethmoid cartilage 
Frontal bone 

Septal cartilage 
Eyelid 

Nasal septum 
Tongue 

Muscles of facial 
ression 

Mandible 

Hypoglossal (XII) nerve 
Platysma 

Lumen of larynx 
Esophagus 














Developmental Cross Sections 

Frontal {coronal) section at 8 to 10 weeks 



Sep&l cartilage 

Superior concha and meatus 

Ethmoid cartilage 
Eyeball 


Lens 


Middle concha and meatus 


Right nasal cavity 


Inferior concha and meatus 


Enamel organs of 
deciduous molar teeth 

Meckel's cartilage 

Submandibular salivary gland 

Hyoid cartilage 
Infrahyoid muscles 


Superior sagittal sinus 
Dura mater 

Left cerebral hemisphere 
Left lateral ventricle 

Frontal bone 
Ocular muscles 
Fused eyelids 
Maxilla 

Zygomatic bone 
Muscles of facial expression 

Sites of fusion of lateral 
palatine processes and 
nasal septum 

Oral cavity 

Mandibie 

Tongue 

Platysma 










Tooth Development 




Dental lamina 
Tooth bud 


/'■A '.'> 

V/ 


Cap sta>;c (*) weeks) 


Permanent tooth bud 
Enamel organ 
Outher epithelium 
Enamel reticulum 
Inner epithelium 
(amel oblasts) 

Enamel 


Dentin 


Predentin 
Odontoblasts 

■DenfaJ 
papilla 


Bell C 2 weeks) 


Weeks 


JDMMA-CRAIC 

nmN 
















Tooth Development 




Dental 


t 


O 


C 


Postnatal ((> months) 
(early eruption) 


Enamel 
Dentin 
Ameloblasts 

Enamel reticulum 
Cemento-enamel 
junction 
Gingiva 
Odontoblasts 

Predentin 
Periodontal 
ligament 
Cementum 
Cementoblasts 


Bony 
socket 


Developing 

permanent 

tooth 


■JOHNA-CRAC 


Crown 


Postnatal (IB months) (eruption) 






















Dental Eruption 



Central incisor (8-10 months) 
Lateral incisor (8-10 months) 
Canine (cuspid) (16-20 months) 
1st molar (15-21 months) 
2nd molar (20-24 months) 

2nd molar (20-24 months) 
1st molar (15-21 months) 
Canine (cuspid) (15-21 months) 
Lateral incisor (15-21 months) 

Central incisor (6-9 months) 


Permanent 
(colored blue) 
Usual age of 
eruption 


Central incisor (7th year) 

Lateral incisor (8th year) 

Canine (cuspid) (11th-12th year) 
1st premolar (9th year) 

2nd premolar (10th year) 

1st molar (6th year) 

2nd molar (12th-13th year) 


3rd molars {17th-25th year) 


2nd molar (12th-13th year) 

1st molar (6th year) 

2nd premolar (10th year) 

1st premolar (9th year) 

Canine (cuspid) (11th-l2th year) 
Lateral incisor (8th year) 

Central incisor (7th year) 





























Dental Eruption 




Horizontal plate 
of palatine bone 


Central incisors 

Lateral incisors 
Canines 

P 

2nd premolars 
1st molars 

2nd mol a 
3rd molars 


Incisive fossa 


Palatine process 
of maxilla 


Greater and lesser 
palatine foramina 


Upper permanent teeth 


Lower permanent teeth 



Note: Numbers refer to a common scheme dentists use to identify' teeth. 
(Letters are used for the deciduous definition.) 





Pharyngeal Pouch and Groove Derivatives 


No, 

From Pouches 

From Grooves 

1 

Auditory tube, middle ear cavity, mastoid air cells 

External auditory meatus 

2 

Palatine tonsil crypts 

Cervical sinus (disappears) 

3 

Inferior parathyroids, thymus 

Cervical sinus (disappears) 

4 

Superior parathyroids, parafollicular cells (C cells) of thyroid 

Cervical sinus (disappears) 


«IEM 















Ear Structures and Their Primordia 


Structures 

Primordia 

Au rick 1 

Mesenchyme of the 1st and 2nd pharyngeal arches 

External auditory meatus 

1st pharyngeal groove {ectoderm) 

Middle ear cavity; auditory tube, 
mastoid air cells 

1st pharyngeal pouch (endoderm) 

Cochlea and semicircular canals 

Otic placodc/otorysl {ectoderm) 

Tympanic membrane 

Isl pharyngeal membrane {ecloderm/enrioderm) with intervening mesenchyme 

Ear ossicles 

1st pharyngeal arch cartilage {incus and malleus) 

2nd pharyngeal arch cartilage (stapes) 

Tempura J bone 

Occipital sclerotomes {mastoid and petrous parts) 

2nd pharyngeal arch cartilage (styloid process) 

1st pharyngeal arch mesenchyme {squamous and tympanic parts) 


SIGN 
















Special sensory and Somatomotor Cranial Nerve 

Components 


Nerve 

Primordium Innervated 

Neuron Components 

Olfactory (1) 

Optic (ID 

Vestibulocochlear (VI11) 

Olfactory placode 

Optic cup 

Otic placode 

Special sensory (olfaction) 

Special sensory (vision) 

Special sensory (hearing and balance) 

Orulomoror(lll) 

1 rochlear (IV) 

Abduccns {VI) 

1 lypoglossal (XII) 
Accessory (XI) 

Premie somitomere 

Preoiic somiiomere 
Preoiic somiiofncrc 
Postotic somites 

Semitic mesenchyme 
by arch 6 

Somatomotor to exrraocular eye muscles 

Parasympa the tics to ciliary ganglion (for pupil 
constrictor and ciliary muscle) 

Somatomotor to superior oblique muscle 
Somatomotor to lateral rectus muscle 

Somatomotor to tongue muscles 

Somatomotor to sternocleidomastoid and trapezius 


e|Ei\l 







Pharyngeal Arch Cranial Nerve Components 


Nerve 

Arch 

Neuron Components 

Iri seminal (V) 

1 

General sensory (face, orbit, nasal and oral cavities) 

Brandi i or no lor {m usdes of mastication; tensor tympani; tensor 
veli palatini) 

f acial (VIE) 

2 

Branchiomotor (muscles of facial expression; stylohyoid; posterior 
digastric; stapedius) 

Special sensory (taste lo anterior Lwu-lhirds of Longue) 
Parasympathetic to pterygopalatine and submandibular ganglia 
(for Lacrimal gland, nasal mucosa, and salivary glands) 

f 1 loss npharyngeal (IX) 

3 

Visceral sensory ir> pharynx [ 

Ikandiiomotor to stylopharyngeus 

Parasympathetic to otic ganglion (for the parotid gland) 

Special sensory (taste to posterior Longue; carotid body and sinus) 

Vagus (X) 

4 and 6 

Branchiomotor (pharynx and larynx) 

Visceral sensory (larynx; foregut below pharynx and midgui) 

General sensory to external acoustic meatus 

Parasympathetics (enteric ganglia of forcguiand midgut] 

Special sensory (taste in iaryngppharynx; carotid body and sinus) 


elEN 










Innervation of the Tongue 


INNERVATION OF THE TONGUE 


Anterior two-thirds (oral cavity) 

General sensory (GSA)—lingual branch of V3 

Taste (SVA)—facial nerve (VI!) 

Posterior one-third (oropharynx) 

Visceral sensory (GVA)—glossopharyngeal nerve (IX) 
Taste (SVA)—glossopharyngeal nerve (IX) 

Root (la ryn go pharynx) 

Visceral sensory (GVA)—vagus nerve (X) 

Taste (SVA)—vagus nerve (X) 

Tongue muscles 

Somatomotor—hypoglossal nerve (XII) 


©ien 
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